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Preface 

This is tbo story of electricity told so that those 
who are not especially skilled in the science, who are 
not electricians, mathematicians, or experts of any 
kind, can understand how mankind came to find out a 
new power in the world, bow they learned its ways, 
how they invented means of controlling it. 

Beginning with the first wonder of the ancients 
over the lightning and the thunder, the magic doings 
of amber, the mysterious power of the lodestones or 
natural magnets, we shall see the steps by which, 
tinding out a tittle here, a little there, wise thinlcers 
and patient workers were able to do more and more 
with the new force. We shall see the unaccountable 
ways of an unknown power become at first the 
study of men of the deeper sciences ; then practical 
workers will make use of what the men of science 
have learned, until in these early days of the twentieth 
century, the strange genie, electricity, is so far tamed 
as to be our daily friend and helper, tractable when 
rightly guarded. 

Once become man's servant, electricity is seen to 
be capable of almost any kind of work, and tends to 
replace all other helpers, or to give them better 
methods. 

We shall make some acquaintance with the men to 
whom all this is due, remembering bow much their 
work baa meant to us, and under what difficulties it 
was done. 
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"We shall not feel bound to go deeply into all the 
questions and problems and s|)ecLila.tions these in- 
ventors and discoverers toiled over. Many of tliem 
merely represent long travels in false jiaths, when the 
men were following up wrong guesses. But we shall 
try to share the pleasure in the great discoveries, to 
go over again the old paths that were in the right direc- 
tion, and by twists and turns led out of the dark 
jungle of ignorance. 

We shall try to learn enough to understand how, 
by the use of electricity, we at our will gain power, 
heat, light, sound ; how we extend our control over 
the earth and the living things upon and beneath its 
surface, bow we save time by easier and quicker 
methods of sending intelligence, and overcome space 
by better, swifter, and less cumbrous means of travel 
and transportation, 

In so great a science there is work for unnumbered 
students throughout their lifetimes ; and our effort will 
be only to become so acquainted with electricity that 
we may consider it as a daily friend and helper, one 
that must do man's will, rather than a strange spirit 
of enormous and unknown powers, following a mys- 
terious will of its own. 

Illustrations on pages 89, 104, 108, 117, 129, 152, 
163, 106, 171, 207, 215, and 277 are reproduced from 
"The Progress of Invention of the Nineteenth Cen- 
tury," by courtesy of Messrs. Munn and Company, 




■ 


^^^^^^p 


■ 


1 


1 


Contents 


L 


How Men First Knew Electricity 


1 


1 


II. 


FiitsT Knowledge of Electeio At 




^1 




TEACTION AXU KePUUJION . 


10 


H 


UL 


Db. Gilbert of Colchester 


21 


H 


IV. 


The Main Laws Dibcoverkd 


31 


^1 


V. 


FBANKLIN and (Jo NTEMPOR ABIES . 


42 


^1 


TI. 


GALVANT, VoLTA, and THE CELL . 


54 


^1 


■VIL 


The Pioneers of Science . 


(57 


^1 


Via. 


First Electric Motors, and Thermo 




H 




Electricity .... 


76 


^1 


rx. 


The Electric Magnet, the Motor 




^1 




AND Induction .... 


86 


^1 


X. 


First Bcsiness Uses 


(19 


^1 


XI. 


The Telegraph in Early Forms . 


113 




xn. 


Electkicitv at Work . 


125 




an. 


Making the Science Practical . 


133 




XIV. 


The Days of Telegraphy . 


150 




XV. 


Cable, Storage Battery and Motor 


162 




XVI. 


The Ele<"Tbical Field Widens . 


175 




XVII. 


Cable, Duplex, and Dynamo 


187 




XVIII. 


Cable Recxjrder, Telephone, ani 








Electric Light .... 


201 




XIX. 


SoM£ Uses of Carbon . 


212 




XX. 


Eleotrictty Applied in All Fields 


223 




XXI. 


Electric Waves AND Bays . 


253 




XXIL 


EIlectricity in the Twentieth Cen 








TUBY 


282 




xxhl 


The Present and the Future . 


300 




B 


Index 


311 




L 


Yii 


^ 


^ 








^M 



ILLUSTRATIONS 



I 



FULL-PAGE ILLU8TEATIOS3 
Goglielmo Marconi— Tbom oh A. Ediwiii— 

AlexiUMier Gralidiu Ifell—Lord Kelviii . . ProntUpleee 

Portrait of Presideut liooscvcIL TeleBraplied by the Koni Sjsleni 70 
6,000 Horae-Power DynouioB, 25 Ravolutiona per »ccnicl. 5,300 

Volt Current^ NiBKara Fi»l!a Power Co 96 

The Firat Telephone KSO 

The TelrgraphoDe 2U0 

The First Electrio Eogiue hi Leave the Grand Central SlAtJun . '24^ 
13,1100 Horee-Power Tarhiuc tor tlie Elcutriu Dev«lopiueut Ccm- 

pniiy, of Ontario, Ltd 251 

The '■ Bullock " Generator (3,500 kilowatte) and "Allis-Chal- 

men," S.UOO Horse-Poirer Engine, World's Fair, St, 

Louis, U. S. A 3U0 

ILLD8TBAT10NS IN TEXT 

The "Uagdebnrg Hemiapberee " 31 

Cray's Dimwierj 35 

The Leydea Jar and Disabarger 39 

Canton's ElMtrio Cbime GO 

Frictional Electric Macliiiie for Producing Static Electricity . 62 

Galrani's Experiment With the Frog's Lega .... 65 

The " Electrophorus " 58 

The Gold-Leal Electroaoope GO 

Volta'a Battery or Pile 61 

Voltaic Cells Arraaged in Moltiple-Conuectioa .... 64 

Volbuo Cella AriTuiged iu Series-Conuection .... 64 

Oersted's DiwoTery of Maguetio Deflection .... 73 

Amp^'s Solenoid or Coil 78 

Scbneigger'aMnltiplier SO 

Magnets— Henry's (A). Sturgeoa'a {B> 87 

Barlow's InTentioQ S9 

A GalTHDometer 00 

ProfeMor Henry's Motor 03 



r 



ILLrSTRiTIONS 



Forsdaj's Experiment id Mogaetic aud Voltaic IndnodoD . 
Faraday's Disc -Dynamo, tlie First Bynamo Ever Built 
The MngDetic LiDes of Force ... . . 

TiiB Peltier Cross 

Jacobi'9 Rotary Motor 

Pijrii'aDyuanio(lH32) 

Diagram of Two-Part Commntalor 108 

Daveoporl's Motor . 

Diagram of the Kelay Principle 113 

The Daoiell Battery Cell 115 

Morse's First Mode! — Peodolam Iiiatraroent .... 117 

Steiubeil's Improved Beoeiver 131 

Cooke aod Wheatstone's lostrament 122 

The Grove and Buosen Cell 128 

Grove's locaodeaceut Lamp, IBIS 129 

Diagram nt the KohmkorS lodactioo Coil 134 

Diagram of the Rheostat 140 

Diagram of Key aod ifonnder 143 

Diagram of Starr's Lamp 144 

Hjorth's Dynamo 152 

Page's Electric Motor . 1S4 

The Siemena Armature ISO 

The Gravity Cell 161 

The Hoghes Printing Telegraph 163 

Original Atlaatio Cable 188 

Serrin'9 Antomntio Regulator (1859) 169 

Pacinotti'B Machine (1860) 170 

Plant* Storage Batterj- 171 

The Reis Telephone 176 

Gramme's Macliiue 180 

TheGreat Eastern Laying Hie Atlantic Cable (ISCG) ... 188 

Direct Current Dynamos 191 

Duplex Telegraphy— Stearns- Edison Method , . .193 

Diagram of Diplex Principle 196 

Bridge Dnplex Telegraphy 198 

A Form of Mirror Galvanometer, as Coiutmoteil by Sir William 

Thompson 202 

The 6iphon-R«oonlor and Itn Record 204 

Bell Telephone 207 

Ediaon's Cbemltnl Meter 208 

l^e Jahloohoa Caudle (1877) 210 



1 




ILLUSTBATION8 



n 



Hie Sawyer-BlAnn Lamp 212 

Hughes' Micropbone . 214 

Tbe Blake Transmitter - 216 

Siemens's First Electric Railway, Berlin, 1879 .... 217 

Tbe Poljpbase Induction Motor ( Westinghoose Type) . 230 

Hertz's Detector 235 

Diagram Sbowing Method of Telegraphing by Induction from 

Bloving Train 239 

A Carborundum Furnace 250 

Tbe Crookes Tube, for Producing tbe Roentgen or X-rays . . 256 

The Fluoroecope 261 

A Thirty-Inch Searchlight at Work 268 

Diagram of tbe Popofl Wireless Telegraph Receiver . 276 

Marconi's Coherer 277 

Diagram of the Marconi Transmitter and Receiver 280 

Tbe Telautograph 289 

The Cooper-Hewitt Mercury Vapor Lamp 293 



I 



Electricity for Young People 

CnAPTER I 

now MEN FIRST KNEW ELECTRICITY 

It is bard fo'r.ys-.tt! think "baolt-|to the early limes. 
If a grown flifUi^^boQld try'to'gBt.-rid of all be had 
learned and thought, so that bis-ntirid would become 
like that of a very young child, he would be under- 
taking a ijiuular task to that which. we have to per- 
form when Wfl- Seek to put ourselves io.' the places of 
the men of oM^ We cannot feel a? tiioy did, or know 
, so little; we.' cah only in an irofBcieat way imagine 
I tbeir state of.'aiiiid, just as. fp- .'reading a story we 
r"niake believe'' and so bec'pjn'a oarselves part of it. 
' And this faculty of "making believe" is not only 
necessary in looking backward. It is also even more 
important in looking forward. Used toward the past, 
r it is the faculty that makes history ; used toward the 
Ifature, it is tbe faculty that makes inventions. 
I JPerbaps you will have more respect for it if we 
I give it a dignified name such as men of science have 
1 adopted, and call this faculty " constructive imagina- 
Ition.*' By that name the world recognizes this faculty 
las that by which mankind has worked its way out of 
la condition little better than that of the chimpanzees 
■or tbe orang-outans, through the barbarism of 
none tools and implements, the savagery of the 
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wandering life and ol continual warfare to the days 
of a bettering civilization whose end we cannot see. 

Just as this power of "constructive imagination" 
has brought us civilization, so it has given us, and is 
giving us our sciences. For science is knowledge put 
in order. 

The story of every science must be in many respects 
the same. It is no more than the gathering of facts, the 
putting of knowledge in oj'der Jgr use, and then using 
it. At first, before .the.i'b is arfy.-lVse body of facts, 
there is no possilulitjf-.of knj,sfi^n4e,jn^lly so called. 
And we shall fipjl-iit^fifi in the scrfioetfial'. electricity. 
It begins only.'afteV,a certain araQunt.bf kntiwledge, a 
number of fatils are-known and arranged. • 

Probably nii._c«& needs to be told (hqfe-tlie first of 
the facts in nature that made man ^Cqwafnted with 
electricity was- t,tie-.-£bunder-storra. . Eveji".the dullest 
savage, the most -iitaJtentive ba)'barfap;'ihe least ob- 
servant child, could ji«Vf*il to iciiQW. ■fhere was some- 
thing unusual at worli iji-aature's s|io{) when the white 
Lhunder-lieads mounted upward on the horizon, like 
strange gods peering over the earth's rim; when the 
heavens darkened, the winds raged, the clouds split 
open, flame shot forth, and the thunder pealed, rolled, 
and died away in long reverberations. These were 
/acts no man could help observing — facts that even 
the savage mind must seek to explain by its best 
reasoning — the best use of its faculty of "making- 
believe," the constructive imagination. 

And the savage mind did the best it could. The 
savages knew power and force mainly as that of other 
men and beasts they could see, and by these they had 
explained many things. What they did uot under- 
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stand tliey explained by stories of men and beasts 
they could not see — imagined gods and monsters. 
TUey knew that their warriors and kings roared and 
struck when angry, and so they explained the thunder 
and the lightning as the expression of the wrath of 
Jhe unseen gods, whose voices stunned their ears, and 
ffbose angry blows blasted trees or slew beasts and 
Such was the beginning of electric " science," 
siii such for ages upon ages it remained. 
When the electric fire was destructive, it was a 
gn of wrath and fury ; when it was harmless flame, 
pb was thought to be a sign of the favour or special 
lotice of the gods. 
"When mankind began to raB,ke records in clay, npon 
leaves, and in stone carving, they left us stories of this 
belief. In the early mythologies we find thunder and 
lightning assigned to one god or another. Thunder is 
the Hammer of Thor, the Scandinavian god ; it is the 
Voice of God to the Babylonians and Chaldeans, and 
to the ancient Ilebrews, as we see in the Bible most 
poetically in the Book of Job, in the Psalms, and in 
2 Samuel. Thus, in the last, David sings : "The Lord 
thundered from heaven, and the most High uttered 
his voice. And he sent out arrows and scattered 
them ; lightning, and discomfited them." This same 
metaphor — where the lightning is spoken of as the 
arrows of the Lord — is in the one hundred and forty- 
fourth Psalm ; and even if it is used poetically, the 
figure shows that in earlier times the lightning was 
believed to be the weapon and the thunder the voice 
of the gods. 

The same belief is in the mythology of the Romans, 
the Greeks and the Etruscans, as, indeed, it would be, 
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for these peoples also derived their religious and scien- 
tific ideas from the peoples of the East. The god 
Jupiter, as lord of the heavens, the upper air, was the 
wielder of the " thunder- bolts," and in statues is shown 
as grasping them in his hands. Zeus, his Greek fore- 
runner, also had power over the arrows of the skies, 
and spoke in the voice of the thunder. One story of 
tlie death of Ajax Oilciis, though not that told by 
Homer, tells huvf Athena borrows from Zeus the 
thunderbolts that wreck the hero's vessel. 

That the thunderbolts were tliought to be forged by 
the Oyclopses in a volcano only shows that the fiery 
flames of tlie mountain and its rumbling were thought 
to be like the flashes of the lightning and the rolling 
thunder. That the thunder was thought to signify 
the will of the gods, and that those who were struck 
by lightning and uninjured were thought mercifully 
spared as favourites of the gods, are only natural out- 
comes of the general belief. Of more importance are 
the stories that the ancients believed lightning could 
be averted by various devices. The Persians are said 
to have thrust their swords into the earth, during 
thunder-storms — as a sort of protection; probably 
because they had seen swords apparently attract 
lightning. The Greeks put nails into birds' nests to 
protect the eggs, and the Romans laid bloody axes in 
a row as protection against lightning. These are more 
likely to have been superstitious than scientific devices. 
The Thracians shot arrows against the thunder-clouds, 
which looks like an attempt to scare away bad spirits. 

Once lightning was recognized as a supernatural 
weapon, its symbol in art — a zigzag line — came to 
mean force or power, and the use of it on military 
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standards, on shields or armour became common. The 
Twelfth Roman Legion under the Emperor Marcus 
Aurclius bore this symbol upon its shields, and either 
from the ornament or from a certain battle in which 
it was unexpectedly victorious, gained the name of 
" The Thundering Legion." Being in a deep dehle, 
in the year 174 A. D., they were so closely besieged by 
their enemies that they could neither break their way 
out nor get water to drink. Of both troubles they 
were relieved by a furious thunder-storm which re- 
freshed them, and threw the besiegers into confusion. 

Some authorities claim that the name of the legion 
been borne by it before the date of the battle ; 

It, in any event, the battle, the device, and the name 
have come down to us together ; and with them 
comes the story that the storm was the result of the 
prayers of Christian soldiers under the Itoman stand- 
ards. 

Throughout ancient history the thunder rolls, and 
the lightning flashes always in an atmosphere of mys- 
tery and superstition — and, as in the legendary disap- 
pearance of Romulus in a thunder-storm, is a sign of 
the direct intervention of the gods. And so long as 
anything is accounted for in that way, there can be 
no scientific knowledge of it, since its causes and laws 
will be sought by trying to arrive at the reason for 
the action of the supernatural powers — their wrath or 
their benevolence. Thus men's attention will be di- 
rected to whether good or ill-fortune follows after it 
has thundered on the right or the left, the first being 
thought an omen of the gods' favour, or to Bnding 
ime reason why this or that great man was killed by 
itnmg — Bs was the father of Pompey the Great, — 
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or to making others beliere tbey have the power to 
control the lightning, as was done by the women in 
ancient Thessaly, and by rarious sorcerers. 

That such claims were seriously believed we may 
know from the existence of a solemn argument as late 
as the ninth century, wherein a bishop attempted to 
prove the impossibility that magicians could exercise 
the powers tbey claimed over thunder-storms. Again, 
it was, even to the times of Shakespeare, a belief that 
witches could raise storms — though to mention this 
is to go too far ahead of our story. 

Undoubtedly some of the claims were merely the 
work of impostors such as the old Greek king of Elis, 
Salmoneus, who, wishing his subjects to regard him as 
a god, drove a chariot over a brazen bridge to imitate 
thunder, and hurled lighted torches about, to seem 
like thunderbolts. Jupiter, either disgusted with the 
poor counterfeit or angered by the impudence of his 
understudy, is said to have slain the sham thunder- 
god with a real stroke of lightning — which might 
have been attracted, we may suppose, by the " brazen 
bridge," or the metal armour of this " little tin god on 
wheels." 

The poet, Edmund Spenser, in giving the origin of 
the fairy-race speaks of one, 

" — Elfioor, who WHB in magio skilled ; 
He bnilt by art, aiwn the rIhssj sen 
A bridge of brass, whose Bound heaven's tboiidtr seemed to be." 

But this waa no doubt an independent legend. 

Besides seeing the power of the gods in the violent 
electric di.sturbanco of the thunder-storm, the ancients 
saw in the milder forms of the same agency, signs of 
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tie gods' good-will or their protective influence. In 
be legend of the Argonauts it is told that they were 
vertaken by a dangerous tempest, when Orpheus 
prayed for deliverance, and soon there appeared two 
harmless flames playing about tiie heads of Castor and 
Pollux, after which the storm subsided, and the sea 
was still. This old legend made the Great Twin 
Brethren the patron saints of sailors, and probably 
helped in the belief that the same electric light — 
since named the St. Elmo's Fire — was an omen of 
good to the ship upon which it appeared. 

In the classic authors are frequent references to 
these tights of Castor and Pollux, as well as some to 
a single light, known as " Helena," and considered by 
at least one authority (Euripides) as lucky, too, though 
the general belief considered the single light to presage 
storm and wreck, especially if it came after the twin 
lighta of the Brethren. The poet Horace, in his Ode 
to Angustus, as translated by Conington, celebrating 
the gods in turn, says of " Leda's Twins " : 



I 



" — Soon SB gleam 
Their atara at sea, 
Tbe lasbed Hpraj trickles (rom tbe steep, 

The wind ainlu dowD, the Btoiin-oluud fliea, 
Hie fhreateiiiDg billow od the deep 
ObedieQt lies." 



All these instances serve to show not only the atti- 
tude of mind the ancients held toward such forms of 
electricity as are most obvious, but they have some 
scientific value, as proving these appearances to have 
been noted, and, in a crude way, noted as being fol- 
lowed by certain results, more or less frequently. 
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Undoubtedly the ancients must bave observed the 
Northern Lights — the Aurora Borealis. But not 
knowing what caused the appearance or wherein the 
brightness that was seen occiisionaliy in the sky dif- 
fered from other simlhir appearances — such as the 
light from shooting stars, and that from lightning 
below the horizon, or the so-called "heat lightning," 
it is impossible to be sure that any given account is 
really speaking of the aurora and not of some other 
light. 

Besides, owing to superstition — science's greatest 
enemy^the polar lights when seen were (in Ireland) 
described as a " rain of blood," op as" burning spears" 
(in London). Then, too, the northern and southern 
latitudes show the lights most frequently, while the 
observers who could have made record of such phe- 
nomena were dwellers in the middle latitudes, about 
the Mediterranean or in the northern regions of 
Africa. Altogether it is not strange that the earliest 
definite accounts of the aurora are not much older 
than the sixteenth century — though a few indefinite 
observations date back to the years 502, 088, and to the 
eleventh and twelfth centuries, while Plinyamong the 
Romans and Aristotle among the Greeks gave some 
description of these lights in the sky, without attempt- 
ing any explanation. 

The action taken by the ancients, even so late as in 
Home's days of supremacy, shows plainly that their 
feeling toward these marvels was altogether super- 
stitious ; for where lightning struck, it was customary 
to set up altars, erect enclosures, or make sacrifices ; 
while any " fragments of the thunderbolt " (results of 
the lightning's action) were " carefully buried, lest any 
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person should bepollutetl by touching them." Among 
the Greeks, it was the custom to hiss or whistle to 
avert the lightning's evil influences, as we learn from 
AriKtophanes. 

Anil, nn fortunately, where there is superstition, 
, there is a likelihood of "constructive imagination " of 
Li^e wrong sort. Believing that the thunder and light- 
■bing should accompany great events, it is easy to assert 
' tfant they did so. Thus we are tuld of a Hash of light- 
ning that struck the Roman capital when Julius Caesar 
was slain, and "struck away the first letter of the 
name of the prince" from the inscription on his 
statues — a truly remarkable tale I 

But history is full of these marvels, and each has 
its interpretation. From the observations of modern 
scientific observers we may gather atones of electrical 
flamings, glowing3,and lightning strokes that will par- 
allel any of the facts recorded in ancient annals, the 
chief difference being that the ancients were credulous 
and inventive enough to make their stories the most 
Ljgtriking and poetical. 




CHAPTER II 

FIEST KNOWLEDGE OF ELECTRIC ATTEACTION 
AKD KEPULSION 

In the times when only the most striking appear- 
ances were observed, it might satisfy mankiijd to see 
in thunder and in lightning, the immediate power of I 
their gods. They were simply the amazed and won- I 
dering observers who trembled and uttered a prayer, 1 
when threatened by such terrors as are described so 
grandly by the poet and prophet Isaiah : "And tiie 
Lord shall cause his glorious voice to be heard, and 
shall shew the lighting down of his arm, with the in- 
dignation of his anger, and the Qame of a devouring 
fire, the scattering and tempest and hailstones." 

But though long centuries were to pass before men 
dared to question the thunder-cloud, to gaze stead- 
fastly upon the flash of its fire, there were other forms 
of electric action so trivial in their effects as to excite 
curiosity rather than awe, and to incline the mind to 
experiment rather than to reverent prayer. 

There was discovered upon various coasts of the sea 
a certain curious substance. It was light, transparent, 
tough, and inflammable, generally yellow. It looked 
as if it had once been liquid. What it was, the 
ancients did not know. But they followed their 
usual custom of accounting for it by a sort of fairy- 
story. Phaethon had tried to drive the chariot of his 
father the Sun. Coming out of his course, he had 
scorched the earth, dried up oceans, and darkened the 
10 
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laces of the Ethiopians. Jupiter, to save the earth, 
hurled a thunderbolt with such good aim as to strike 
the son of Pbuybus from bis chariot into the IliverPo. 

Then the Heliades, sisters of the reckless charioteer, 
ibroQgb the pity of the gods became poplar trees and 
Kept tears that were changed into the strange sub- 
ttanco found on the coasts of various countries, and 
in some places dug out of the earth. Now 'll^enTwp 
(Alector) "the sbiniDg one," is a Greek name for the 
jiiii-god, and " electron," the shining thing, was the 
lunie given to these solid tears — and here is the ro- 
muQiic origin of the word " electricity " — an origin 
tbat connects it most appropriately with the shining 
briirhtness of the sun. 

But the tears of the Sun-maidens are known to us 
by another name. AVe call thera "amber," a word 
that comes to us, most dictionaries say, from the 
Arabic 'anbar, the ambergris; but I believe the lexi- 
cdgrapher Kichavdson is right in agreeing with some 
German authorities who trace it from their own verb 
hrcnnen, to burn, anbrennen,, — the thing that will 
burn. This seems likely, partly because ambergris is 
only "gray amber," in French, and that would indi- 
cate that amber was known before ambergris to those 
who adopted the two words. 

At all events, the substance amber was known and 
prized even earlier than Homer's days, some twenty- 
eight centuries ago, for a necklace of gold and amber is 
'iienLioned as being among jewelry brought by a Phujni- 
I'iaa trader to the home of Eumieus, the old slave of 
Odysseus, for the purpose of keeping the women of 
the household busy while Euma^us was stolen by his 

la'nician nurse. Amber is known to have been used 
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even in prehistoric times, anil was traded io by the 
Phoenician merchants. It was inlaid in wood, and it 
decorated weapons or shields. But this same name, 
electron, was given by the Greeks to several sub- 
stances, and especially to some metallic alloys; so 
some of the mentions of electron may not refer to 
amber. We learn from Pliny that by the Syrian 
women amber was called "harpaga,"or"Lheclutcher," 
a name we see given also to the harpies. 

Park Benjamin believes this name arose from the 
use of amber spindles in spinning thread. As the 
spindles whirled, rubbing against the women's gar- 
ments, the amber was seen to draw to itself bits of 
thread, the fringe of a garment, or particles from the 
floor. This " clutching " must have seemed a magical 
power to the spinsters, and won for the amber its 
curious name. 

Among the properties for which amber was — and 
still is — valued, is its capacity for taking a high pol- 
ish. For a time after being rubbed, as the ancients 
soon discovered, the amber showed a strange property 
— the same property noticed by the Syrian women. 
It drew to itself chafi, straw, bits of string; these re- 
mained clinging for a time. Then, after clinging a 
while, they would be repelled ; but the ancients 
seem not to have mentioned this repulsion. Even 
the attraction is rarely referred to in early times. 
The first written record of this is said to be found in 
the writings of Aristotle concerning Thales of Miletus, 
reganied as the chief of the Seven Wise Men of Greece. 
Thales lived about the time of jEsop and of Nebu- 
chadnezzar and it is somewhat doubtful whether he 
was referring to the attraction of amber or of the 
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ode^tone, in tlie tradition recorded by Aristotle. All 
we know of the matter is that Thales is said to have 
believed that the action of the amber or the lodestone 
(natarul magnet) Indicated the existence of a soul in 
these substances. By this statement the wise old 
pbiloso|iher probably meant only that it had " a power 
of its own" not drawn from outside, for to a philoso- 
pher this would be to have a soul. 

It is not to be wondered at that there is some con- 
fusion in regard to vvliether the lodestone or the 
rubbed amber was referred to by Thales, for tlie 
attractive properties of the two would be classed to- 
other long ages before the real connection between 
[tbe two was even suspected. The lodestone had even 
in the time of Thales, more tlian six centuries before 
Christ, been known for possibly two thousand years, 
if we may accept the traditions of the Chinese, 
wherein there is an account of an emperor's con- 
stmcting a chariot for indicating the four cardinal 
points; but this may be merely some old story with 
a modem revision applying it closely to facts known 
later. Humboldt in his *' Cosmos" tells of Chinese 
caravans being guiilud by a little revolving figure 
made to point always in the same direction by means 
if a natural magnet. 

It seems doubtful that the magnetic needle was 
known in any but the crudest way even to the Chi- 
nese before they acquired the knowledge from some 
of the Western nations, though it is very likely they 
knew something of the natural magnet or "lode- 
stone " even before the Greeks. 

And this name "lodestone" is a curious one. The 
BTst syllable, or first word, "/<i(7<?," meant "way" 



14 ELECTUC ATTSACnOX AND 



or ooursey and is connected with oar verb 1€€kI, The 
term still snrrires in mining. Bat lodestone means 
the stone that points the way, and this seems to indi- 
cate a rerr earij connection betireeiL the magnetic 
ore and the compas»-needIe. The Greeks gave as the 
word ^ magnet." probably from the place where the 
ore was found, near the town Magnesia, in Lydia; 
but they had an earlier name — the Heraclean Stone, 
either from another town also in Lydia named 
Heracleia, or from the name of Herakles — the Greek 
form of Herculesw But the whole subject is a de- 
batable one, and not now worth many words. 

More important it is to tell what they knew aboat 
" The Stone,"* as Aristotle calls it. That it would at- 
tract iron, and hold iu is about the sum of ancient 
knowledge until the time of the poet Lucretius who 
left us a scientific sort of poem on ** The Nature of 
Things." 

Lucretius, born nearly a hundred years before 
Christ, set forth in a pure, forceful way, and with 
honesty of purpose, the best views of his time, as 
gathered from the Greek philosophers, upon the ques- 
tions of man's relation to nature — that is, upon sci- 
entific subjects, and their relation to religious views. 
He gives us in brief a summary of the philosophy of 
the time. He was well read, and likely to give ac- 
curate views. 

As to the magnet, he tells us the origin of the name 
from Magneta (magnesia), records its power to ^^ducere 
ferruvh^^ or attract iron; and declares that ".men 
Wonder at this stone," since it is able to support a 
chain of hangii«« -nngs — an important observation 
since it is tha^**"**^** '^•^cord of the fact that magnetism 
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acts through one piece of iron upon anutber, pervading 
a series. He also spealvs of the iron sometimes seek- 
ing the magnet-atone, and then fleeing from it — 
which, in view of what they knew, seems a difficult 
' thing to explain. There seems no likelihood that the 
attraction and repulsion of the poles of magnets were 
known to the Romans at that early day ; and yet 
Lucretius speaks plainly of the jumping about of iron 
Slings in a brass vase when the lodeatone was put be- 
neath the vase, in a way that is explained only by 
assuming he had seen some experiments he had not 
thoroughly understood — experiments such as we shall 
speak of later. 

The whole knowledge of the ancient world was, 
however, no more than a small number of misunder- 
stood and unstudied facts, and aimless experiments 
repeated over and over merely from curiosity or for 
amusement. We have seen Thales explaining the 
magnet by saying it had a soul ; and we have omitted 
to mention the Uoman poet Claudian, who saw in 
iron a food for which the niiignet is hungry. Lu- 
cretius, though a student and thinker, could say only 
that in the magnet and extending beyond it was a 
sort of vacuum, as the French author Guillemin says 
in his "Electricity and Magnetism," adding, "There 
is nothing, however, in all this worth discussing." 

In this we agree, since so queer a fact as the attrac- 
tion of the lodestone would be likely to find notice in 
every ancient work upon nature or physics, and yet 
the remarks upon it could have value only to the 
student of the past, to the historian rather than to iHe 
student of electrical science. 

And what is said of the lodestone and magnet ia 
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equally true of the mariner's compass. There arc, b^>— 
sides the usual Chinese legends, many stories more or 
less doubtful of its employment down to the twelftfci 
century, at which period there is a reference by a. 
cardinal in his " History of Jerusalem" to the use of 
the compass by mariners. Other references tell us of 
the " rubbed needle" used by sailors to guide them. 
These early needles were put into straw, mounted oa 
cork, or suspended on Ji point like modern compass 
needles. The best authetiticuLed story tells of the in- 
vention of the compass by an Italian, a Nea|K)litan 
of the fourteenth century. This was about 1320, and 
the man's name is given as Flavio Gioia. Columbus, 
in bis voyage of discovery, noted a fact, already 
vaguely known, that the compass varied from the true 
north ; but he added the ini|K)rtant observation that 
this deviation was ditferent in different localities; and 
about live years later Sebastian Cabot noted that the 
deviation was regular for the same needle in the same 
localities — both of these being truly scientific ob- 
servations. As to Cabot's, however, we now know 
that the needle has daily, yearly, and periodic varia- 
tions, even in the same locations in certain parts of 
the ocean reached by him, so that his observation was 
far from being an exact statement. 

As the needle was longer known, facts about it 
accumulated, and being icritlen, began to be put into 
form, and to grow into a science. In 1576, Norman, 
a London optician, found out that a needle hung 
freely at its centre of gravity, not only swung around 
an axis until an end pointed northward ; but also that 
the same end dipjwd so as to be directed downward 
toward the earth. He was angry that he could not 
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siisily balance the needles lie made, and by the aid of 
■■certain learned and expert men, bis friends" ex- 
perimeated until he discovered this dipping to be a 
roperty of tbe needles. 
I Of course while these scienlitic observations were be- 
pgcoUected, the men of imagination were likewise busy 
wonder tales of the magical properties and doings of 
le ludestone. Thus there is an old story that Ptolemy 
?hikdelphus with his architect had a pretty plan of 
tfeiiding an arcli of lodeslones so that it would suspend 
nairan iron statue — a good idea providing it had been 
■■•b; to exactly arrange matters so the statue would 
neitber rise nor fall. St. Augustine tells of the same 
device as being carried out by certain " pagan priests " 
— not suspecting he is crediting them with what would 
tw a miracle of science ; and a legend tells of Mahomet's 
olfin being 80 suspended. 

i*t any one inclined to believe any of these stories 
liuy two magnets, and then, laying a needle on a 
sinooth piece of paper between them, so adjust the 
I'liignets that it wouhi be moved to one except for 
Uie attraction of the other. Theoretically the experi- 
ment should succeed. Practically it won't. 

Pliny tells the story of Ptolemy PhiJadelpbus, and 

he also records the report that there existed "near the 

Indus" two mountains, one of which attracts iron and 

the other repels it. It is part of the same veracious 

story that travellers with nails in their shoes cannot 

raise them from the ground when near one mountain, 

^nr touch tlieir soles to the other. And in the 

^Krabian Nights" the "Third Royal Medicant" tells 

^B a mountain of lodestons Uiat attracted the iron- 

^Bted vessel, extracted tbe bolts, and thus caused her 
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wreck ; but in this mountatu tliere is some magicsl 
property causeU by a strange statue on its top. 

From all this it is easy to see that tliere was as yet 
notbing worthy of the name of a science of electricity 
and magnetism, though a few bits of accurate knowl- 
edge were in print and accessible to students. 

One other sort of pleclric action was known to the 
ancients in the same imperfect fasliion. Besides 
the thunder-storm, the St. Elmo lights, the auroral 
light, the rubbed amber (to which should be added a 
few other substances in which the same property had 
been observed, as " lyncurium " — probably tourmaline 
— mentioned by Theophrastus, disciple of Aristotle 
321 B. c), the lodestone and the compass, a strange 
property was observed in certain animals. 

In the Mediterranean is found a flat lish known as 
the torpedo. The name is an ancient one, given 
because it had been discovered that this fish had the 
power of dealing certain shocks that made men or 
otheranimals benumbed or ^oz-^iif. This fish, also called 
" cramp-fish '" and " electric-ray," is at times live feet 
in length, and weighs as much as seventy-five grounds. 
This lish was known also to the Romans, being often 
painted on the walls of the buried city Herculaneum. 
Dioscorides, a physician, who lived in the time of 
Antony and Cleopatra, declares that, touched, it cured 
headaches, and in later days it was used to cure gout and 
rheumatism — the oldest use of electricity in medicine. 

The electric eel of Africa (and warmer parts ot 
America), also over five feet in length, is able to give 
a very powerful shock, and there is still a third electric 
animal called the electric silurus, also found in Africa) 
waters. 
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That all these were known to the ancients is 
nndoubtedly true; but in a world tilled with things 
they (lid not in the least attempt to explain, there was 
no reason why the peculiar power of these creatures 
— should have set iiiea upon especial inquiry. The fact 
Htfiat men or horses were violently ufTected when 
Hbronght into contact with them was known, remarked 
as a mystery, but one no greater than ten thoasand 
others. The ancients were like children standing in a 
great Jaboratory or factory. They saw things happen, 
were amused, or interested, or Ulled with wonder. 
Tbey told one another about them, may have made 
some vague guesses — and there the matter rested — 
waiting for the birth of a acientijic method. For this 
we shall have to come down the ages to the times of 
Queen Elizabeth in England. Now the author of 
"The England of Shakespeare," Edwin Goadby, be- 
Kins his chapter on " Science and Superstition " by the 
ntence, "The English of the Elizabethan age were 
an eminently unscientific people"; and he points out 
that the learned men of the time were likely to be re- 
;arded as magicians and sorcerers, while the pretenders 
» magic were many, and belief in alchemy (the power 
* change one metal into another, as lead into gold), 
1 astrology, or the reading of men's destinies in the 
ars, was nearly universal. 

I Bacon was perhaps the most learned and one of the 
)st sensible men of his time, and yet he thought little 
[ Giordano Bruno's theory that the earth went round 
was inclined to think mathematics not a 
fpractical" study^as, indeed, it may not have been 
1 his time — was sceptical of the value of the telescope 
t astronomy, and drew up a list of things tending to 
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ensare long life that is a mixture of sense and non- 
sense. 

Yet it is in this age we shall find the beginnings of 
electric science. For despite the mbbish that still 
clogged men's brains, books were becoming abundant 
and comparatively cheap; there was some rest from 
religious wars and squabbling, so that men might give 
their time to study and experiment ; and though the 
foundations of scientific method can be traced in their 
beginnings to Roger Bacon, and even earlier, and 
were added to by such men as Copernicus, Da Yinci, 
Tycho Brah6, and others, so far as electric science is 
concerned, its beginning is with Dr. William Oilbert. 
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history ol man s progress in science, 
it often seems that the successful steps were more the 
result of accident than of studious intention. With- 
out apparent reason, some man will turn his attention 
to a given subject, and, without evident advantage 
over his fellow men, will advance an art or a science 
by enormous steps. 

So true is this that it often seems to us as if it 
was more a result of men's attention being devoted to 
a subject than to any real advance in knowletlge that 
progress is due. 

But it is |)robabIo that this conclusion is a mistake. 
We shall find, on looking more closely into any science, 
that each step usually depends upon the preceding one, 
and until the preceding one be taken, no intellect can 
point out the true path of progress. 

In the history of attempts to navigate the air, we 
find that every improvement in engines malting them 
stronger or lighter helps those who try to make 
flying-machines. In our own day, the manufacture of 
auto-cars seems to depend directly upon the ability to 
make light and powerful engines. In the making of 
optical instruments, such as telescopes and microscopes, 
it is the glassmaker who furnishes the material that 
makes more effective lenses possible. 

It may be that the same explanation will apply to 
the enormous advance in knowledge of magaetisF* "^ ■ 




wu brought aboat bj the stndin of one mmn dming 
the reign of Queen Elinbeth. Bat, in the abnnoe of 
tuch an ezpbination, it certainlj ii m. mamlloos h«p- . 
pening that one stodeat, wtthoot especial idTantagea 
over his fellovs should by himself have disooTered all 
the main principles that anderlie magnetie aotion, so 
that his booir, pnblished more than three fanadrod ■ 
years ago, contains, according to Dr. Wfaetrell, leallj 
the essence of all the knowledge of magnetiBm to be 
found in text-books for long yean after his time^ and 
until the investigations of sacb philosophers as Ousted 
anil Faraday. It is true that in oar own time new 
ttiuorJoB have been propoanded, bnt even if these be re- 
gimlod as entirely established, all honour is dne Gilbert 
Tor tliu accurate and complete nature of his treatise 
ii|iiin nm^rnotisin. The story of bis labonrs cannot but 
Imiui iiiti'ro8liiig one. 

It m irii]H>tisil>le to give the exact date of this man's 
lilrtli, Kincu there is a disagreement betireen the 
liim'riptirin H]H)n the portrait he gave to Oxford and 
Mint iiflcMi his monument in the ohancel of the Church 
nr Mill Holy Trinity of hie native place, Colchester. 
Thi> iiiiinuiiient declares that be died in 1603, at sixty- 
llti'i'n vcnrH of nge, n-horeas the portrait declares him 
lit till In hiH forty-eighth year in the year 1591 — three 
I'loKi voiingor than he is made by the monumental in- 
iii>il|<nMh An Oiiliert must have seen the inscription 
lijixii lili |iitrli'ait, it Koems that it is more likely to be 

.i.t, iitiil wi' iiiny explain the disagreement by 

"ii|<l<'<'<liij> II liliiiiiliM* to have been made between 
liiiirx'll mill lil« liri'tlior, who bore the same name, 
II iili.Mi> iHllii'il, unit who nfturward edited some of 
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Som in 1543, we may say, about fifty miles north- 
east c! London, in a liouse which has been preserved 
to our own time, bo received a good education in tbe 
gramroar-scliool of bis native town, and at Cambridge 
loot liis iinal degree as doctor, in 1569, when Shake- 
B|iearo Was five years old, and Francis Bacon eight. 

A trip lo tbe Continent brouglit bim the acquaint- 
ance of distinguished schjlars, and when be began 
]iraclice in England his success was rapid, so that we 
find him president of the College of Physicians in 
l&H) when Shakespeare was at the height of bis 
career, and physician to the Queen not many years 
lai«r. To Elizabeth's favour, also, he owed two other 
pieces of good fortune that may have been the special 
ltel[» that brought bim fame. In the first place, the 

iiecQ had him come to court to live, which gave bim 
llotne rent-free, and she also settled on bim a pen- 
is. Waving him to give his time to scientific studies. 
In an article in The Popular Science Monthhj, hy 
Bther Potamian, professor of physics in Manhattan 
Ulege, Now York City, it is pointed out thafGilbert 
oiffti his success greatly to bis insisting upon testing 
tbe trulb of doctrines be bad heard, i-atber than in 
•Moling tliem upon the authority of others. He 
*u, us Brother Potamian declares, the natural suc- 
Wwor of Albertus Magnus and Friar Bacon, both of 
"fiom made their own experiments, thus asking their 
""'n questions of nature ; and both did work that 
firmed a solid foundation for the labours of their 
fiiiluwers. 

Thus, when it was told to Dr. Gilbert that tbe 
Italian philosopher, Baptista Porta, asserted that a 
piece of iron "rubbed with a diamond turns to the 
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north," be at once put the assertion to the test. Nor 
was ho satisfied with only one trial, for he experi- 
mented with seventy-flve diamonds in the presence of 
many witnesses, using different pieces of iron, and 
bits of wire, floating them on corks, yet without find- 
ing that they would point to the north. 

Of course the modern philosopher knows that Porta's 
declaration referred not to a diamond, but to a lode- 
stone. In the Middle Ages the natural magnet or 
lodestone was called "adamant," a name applied to 
any very hard substance, and meaning "unconquer- 
able." The diamond also was called adamant, because 
of its hardness; therefore it was natural for Porta to 
give to Che lodestone a name which the Englishman 
could refer only to the diamond, Porta's statement 
was correct, but was misunderstood. For, indeed, 
Porta himself was a man of science, and imagination, 
a most prolific writer, and founder of a scientific 
academy. He had some notion of the possibility of 
the telegraph, describing how two magnets migJU be 
made to turn to the same points in concert; but he of 
course had no idea how this was to be brought about 
practically. 

Though these experiments seemed to come to noth- 
ing, they show us how carefully Dr. Gilbert tried the 
truth of what he heard asserted. 

And this, as the author of the article already quoted 
points out, was about a score of years before Francis 
Bacon wrote the philosophical books that have led 
to credit him with introducing the experimental 

ithod of arriving at scientific truth. 

The account of Gilbert's years of investigation is 
contained in his treatise on magnetism, the Latin 
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name of which may be translated into " About the 
Hagnet and Magnetic Bodies, and abont the great 
Magiiei, the Earth." This book came out in IGOO, and 
lie third part of the title set forth Gilbert's greatest 
(iiswrery, namely, that the globe on which we live is 
itself magnetic and may be looked upon as a big 
sptierica! magnet. When he had found this out, it 
^« seen that this fact explained not only the polar 
pointing of the needle, but also its dipping, or point- 
ing toward the center of the earth, as well as its 
Ting from time to time in one direction or another. 

This great work was the first in its field, and for 
wry many years remained the only treatise of im- 
parlance upon its subject. It was received by the 
learned men of the time with intense interest. Kep- 
I^Mbe great astronomer, Galileo, and others nearly 
M eminent, made his fame known among scholars 
Bferywbere. Francis Bacon is accused of jealousy 
toward Gilbert and of a wish to make little of his work, 
'D ffriting that Gilbert "had attempted a general 
sjslein npon the magnet, endeavouring to build a ship 
™t of materials not sufficient to make the rowing- 
pms of a boat." He also said, with more humour 
taan kindness, that Gilbert had so lost himself in his 
""liject that " he had himself become a magnet ! " 

^ward Abbott, a fair-minde<l biographer of Bacon, 
wcoses the philosopher's faint praise of Gilbert's 
S'jfiievements by the suggestion that "to Francis 
"Scon, impatiently aspiring after vast and general 
WDolasions, Gilbert's researches seemed petty and 
nsfrow." 
Bot we must say, as to this, that Gilbert was prao- 
foUowing out precisely the method of science 
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Bacon was trying to establish — ninnely, learning I 
laws of nature by careful experiments, and then s6| 
ing ways to make the knowluilge of those laws use 
to men in their daily lives. 

To-day some authorities regard Gilbert, rather t 
Bacon, as the true father of all experimental sciencjl 
and this should be sutScient answer to Francis 13ac< 
beliltleinent of the painstaking experimenter, 
would be kinder toward Bacon to believe that \ 
thought Gilbert's experiments were not exhaustive-^ ' 
a belief finding some support from his remark about 
the scanty materials Gilbert accumulated. Others, 
like the Britannica, gi^e the honour of founding ex- 
perimental science to Robert Norman, as will be noted 
later. Yet the conclusions Gilbert drew were in the 
main correct, and that is the best praise of his method. 

The second chapter of Gilbert's book was the first 
treatiso on electricity, the first serious study of the 
matter. He advises the reader who wishes to repeat 
his experiments to make a little "rotating needle of 
any sort of metal particularly light and poised on a 
sharp point." Rubbing different substances, Gilbert 
brought each near his "versorium," or turning-needle, 
to find out whether it was electric. He soon found 
out that many substances when rubbed attract not 
only the needle, but everything else. There is also 
found, however, a number of substances that do not 
attract when rubbed, and he names the two " electrics " 
and " anelectrics," or non-electrics. 

The word electric is used in its Latin form by Gil- 
bert, as an adjective applying to bodies, to influence, 
to attraction, to motion, and so on ; and he was the 
inventor of this use of the word. In all bis investiga- 
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tiong and reasonings upon tbein, the learned Eliza- 
beliian failed to bit ujMjn certain very obvious facts. 
He did not lind out that there were two sorts of 
bodies, one allowing electricity to pass tlirougb tliein, 
Ihe other preventing its passage ; that is, be did not 
iiodout tba,t there uere conductors and insulators. 

The word eUctriclty seems not to have been used 
by Gilbert, its first occurrence being in a work by 
Sir Thomas Browne, tbe well known physician and 
essayist, author of tbe"Ileligio Medici," and so on. 
He used it as a noun in his " Epideniica Pseudodosia," 
ID ibe year 1640. Sucb, at all events is the statement 
of Prof, Silvanus Thompson. 

Gilbert tried some experiments to ascertain whether 
liquifia were affected as solids are, and noticed that 
a drop of water is changed in shape when brought 
near to rubbed amber. He also discovered that smoke 
[Kirtidea were attracted in the same way. It is 
strange that Gilbert overlooked the question of iusula- 
tion and conduction, or preventing electric action and 
carrying it, for he made elaborate experiments as to 
bow electrical bodies would act under all sorts of con- 
ditions, testing heated iron, glowing embers, and 
various kinds of flame, througb which he learned that 
bodies in flame or very much rarefied were much less 
atlracled to his "electrics." Lenses enabled bim to 
try the effect of the sun's heat upon his electrics, but 
in this direction he found out nothing interesting. 

But we may well wonder that he discovered so 
instead of criticising him for missing facts now 
known. 

to explaining the results which he observed, 
of course had tbe defects of bis time. He be- 



I 



28 



DR. GILBERT OF COLCHESTEB 



liered that electricity must be something extremeljT" 
fine and delicate, but yet he thought it bad substance^ 
aod declared : " It is probable that amber gives fortb. 
Bomething peculiar that attracts the bodies." If w» 
are disposed to criticise this ignorance of the old phi- 
losopher, we must remember that we are still guessing 
at the problem which bothered him, and are by no 
means sure that our own explanations are true. 

We read from his notes, not only the story of his 
successes, but of his failures, and see him trying to 
learn the lessons taught by mistakes as well as by ex- 
perimcuts that go right. And we need seek no better 
statement of Gilbert's work than that given by 
Brother Potaraian, who says : " He founded and 
oliristoned the science of electrics. He left it in its 
iafancy, it is true, but with sufficient vitality to enable 
it to survive the neglect of years, until at last it was 

taken up and fondly cared for by our Franklins and 

Faraday s." ■ 

Probably Brother Potamian does not mean to over- ^ 
look the work of the many great men who preceded 
Franklin and Faraday but uses these names merely to 
signify all modern investigators. 

Upon magnetism, Gilbert's observations were even 
more valuable than ujH)n electricity. And though he 
thought no substance could be magnetized unless it . 
contained iron, a conclusion now known to be incor- 
rect, it was not to be expected that he should discover 
that nickel and cobalt were somewhat affected like 
iron, or that under the powerful electro-magnets other 
substances arc influenced, as was known later. 

Gilbert either by his own experiments, or by study- 
ing the works of others, came to possess all the mag- 
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Betic science of the time. lie speaks of poles of the 
'inagnet, naming them from those of the earth, names 
the line joining them the axin, and the line equally be- 
tween them, the equator. He finds that magnetizing 
a needle makes it no heavier, as tested by the finest 
goldsmith's scales. He learns that a magnet cut in 
pieces yields small magnets, like that cut up in having 
poles and a field of force about each. He tries heat 
upon his magnets, and finds their properties weakened 
or destroyed. He puts substances between magnet 
and iron, and declares the magnetism is cut off (or ab- 
sorbed) only by iron. The compass is tested by being 
put into boxes, and found to remain a compass stlU 
even in an iron box — though this would not have been 
BO had his iron box been thick enough to prevent the 
infiuence of the earth's magnetism. It is now known 
that the iron (if sufficiently thick) would confine the 
magnetic lines of force, and so prevent a needle acting 
as a free compass needle. 

And this leads us to his greatest discovery — his 
wonderful generalization, " Magnus fnagnes ipse est 
globits terrextris" meaning " tlie earthly globe itself is 
a great magnet." The fact is admitted to-day. The 
cause is not known with certainty, though various 
theories seem reasonable. 

The value of the discovery was seen in its giving 
at once a reason for and an understanding of the 
action of compass needles, in pointing toward the 
IKjIes, in dipping toward the center of the earth, and 
so on. 

Gilbert added greatly to the facts known in his day, 
found out the laws that govern them, and explained 
the action of the needle by the magnetism of the earth. 
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CHAPTER IV 

THE MAIN' LAWS DISCOVERED 

[ Otto von Gukkr^ke wiia born in Prussian Saxony, 
IBd after being educated as aa engineer, and serving 
gsucb ID the army, retired to Magdeburg, bis native 
town, and iva^ its burgoinasler at the lime it was ca|)- 
lured and burned by Tilly, and 30,000 of its inhabit- 
ants out of 3fi,000 massacred. Ouericke was then 
only twenty-nine years of age. About twenty years 
later, becoming interested in the study of natural phi- 
losophy, Guericke sought to produce a vacuum, and 
invented the air-pump. In 1651 he showed before the 
Emperor at Ratisbon, the " Magdeburg Hemispheres," 

Iiro copper half-globes, which, when the air was 
omped oat, could not be separated by fifteen horses 
ailing against an equal number. Yet, air being let 
in, they would fall apart. 
Apparently the news of this experiment came to 

Kbert Boyle, then about twenty-four. Son of the 
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Eul of OoriL, lie hid been edacited in England and 
gone abfoad till 16M. Then, beooming rich by tiie 
Early's death, he deroled himself to study. In 1654 
he improved the air-pomp^ and made many experi- 
ments. He afterirard became one of the earliest 
members of the Royal Society (founded in 1660), and 
discovered certain facts in dectridty. Boyle found 
out that amber retains its electricity, that a body 
need not necessarily be smooth to be electrically ex- 
cited, and that a cake of resin, and certain other sub- 
stances were ^ electrics.'* He also discovered that if 
the ** electric ^ body iras left movable, it would be at- 
tracted, as well as attract. He reported these experi- 
ments to the Royal Society, and made up a theory to 
account for them, and for magnetism, calling the lat- 
ter an ^*' effluvium,'' or outflow of the magnet. This 
of course explained nothing, but it helped by giving a 
way of thinking about the magnetos action. 

Not long afterward, whether knowing of Boyle's 
discovery about the resinous cake or not, Guericke 
made a ball of sulphur (one of the electrics Gilbert had 
mentioned) and caused it to turn while being rubbed 
by the hands. This was the first electrical machine^ 
and came directly from the discoveries of Gilbert. 

With this machine Guericke was able to show a 
stroDger action, and thus to perform experiments more 
effectively. And with the greater action came a new 
discovery. When the sulphur was turned and rubbed, 
Guericke noted a feeble glow of light, — which was 
tho first dawn of the electric light upon mankind. 

Bv means of the same machine he found out that 
tho electric action or " virtue," would act " through a 
linou thread an ell or more long, and then attract 



THE MAIN LAWS DISCOVERED 33 

something." Here was an experiment that seemed to 
siiow electricity to be like magnetism, in acting through 
one body upon another. 

Meanwhile two other workers in natural philosophy 
»ere trying some of the new experiments. Isaac 
Newton, born in 1642, had been allowed to browse 
[hrough the Utile library of an apothecary, and had, 
though a farmer's son, and left poor with a widowed 
mother, shown so much talent for mathematics and 
philosophy that he was sent to Cambridge, graduating 
in it;G.'>. Within three or four years, the fall of the 
apple (if we may trust the story for which Voltaire is 
ria[ioaBible) had set him on the track that led to the 
liiioovery of the law by which the heavenly bodies 
are governed in their flights through space. Besides 
mathematics, and the laws of optics, Newton experi- 
mented with electricity, and constructed a machine 
like Guericke's, except that he used a glass globe, fiud- 
iDg it better than sulphur. 

It is said that this improvement was probably due 
'0 Newton, but another claimant for the honour is 
FrsDcis Hawksbee. The date of Ilawkshee's birth is 
Hot given ; but it is known that he made many experi- 
iisnls on light and on electrified bodies, discovering 
among other things that if quicksilver was put into a 
ft-oeiver or glass ball from which the air had been al- 
Q'st pumped out, upon the air being allowed to force it- 
wlf in again, the receiver would appear tilled with light 
'Ut lasted until about half theair had reentered the re- 
viver. This experiment seems to us the first hint of tiie 
liind of electric light that is now produced by sending 
*lectric waves through glass tubes from which the air 
bu been almost exhausted. Hawksbee was a meoi- 
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^^B ^BglisliiDan, wbo after Ibe researches of Ilawksbee was 
^H tbe &nt in twenty years to make electricity a special 
^H oliject of study. Sir Isaac Newton had brought other 
^H Wbjecto more into vogue, by his remarkable discover- 
^F its. Gray was poor, but was by ingenuity able to 
"ittke u»e of the commoncBt things to carry on his ex- 
/>eriments, using, as Park Benjamin says, "fishing- 
rods, canes, the kitchen puker, cabbages, and pieces of 
brick," baying only his glass tubes and pieces of silk. 
Gray discovered that there were conductors of elec- 
tricity and also non-conductors. liis discovery came 
from his having a glass tube with a cork in each end, 
which on being rubbed attracted light substances. 
The sabstances were attracted not 
only to the glass but to the corks, 
— wbichjnot having been rubbed, 
must have gained their electric 
power from the glass. Then he 
tried putting various other sub- 
stances ia place of the corks, and 
seeing which wonld become elec- 
trified. Gray found that rubbing 
electrilied all substances, but that 
the inflaence escaped from some 
of tbem, the metallic substances, 
fur example, unless they were pre- 
vented from parting with it. He '•"^■''*' 
hong a metallic ball by threads to a rubbed glass tube, 
and found that if hung by some threads it became 
flleclriSed; but if hung by others it remaineil unaf- 
fected — that is, did not attract the bits of pa|>er by 
wbicii be tested it. 
After making experiments with various threads ' 
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throQgbout tbo mass, a conclusion now accepted as 
trae, and proved by many other experiments than the 
one performed by him. 

The electrifying of the haman body seems to have 
been successfully performed iii-st by Dr. Dufay, of the 
Frencii Academy of Sciences, and Gray repeated and 
amplj^ed the experiment, for he was a most eager and 
skillful inquirer into natm-e. And Gray in turn was 
followed by Desaguliers, a French Huguenot brought 
to England in infancy, who repeated his experiments, 
Mil who made the observation that bodies that became 
electrilied when tbey were rubbed were not good 
coodnctors, and vice versa. 

When conductors and non-conductors were thus 
BCjiarated into classes, it was discovered, by Dufay, 
first, that all bodies could be more or less electrified, 
provided tbey were insulated ; second, that water being 
a condactor, it was necessary to see that insulating 
Buljstances were dry, and that conductors often acted 
i>etter when wet ; third — and most important — that 
there apparently were two different kinds of electricity, 
or at least that there were two states of electricity, 
Ooe seemed to be caused by the rubbing of glass, the 
other by cubbing resinous substances. lie called them, 
therefore, -vitreoua and resinous. Vitreous electricity 
attracted resinous electricity, and resinous, vitreous — 
each repelling its like. 

Among substances regarded as giving rise to vitreous 
electricity may be named glass, crystal, precious stones, 
animal hair and wool ; while resinous electricity was 
believed to be excited by rubbing amber, copal, gum- 
lac, silk, paper, and thread. For a long time what we 
T speak of as^osiiive and negative electrifying were 
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known by the names vilreon» and restnoun. But j 
we know that tlie question of whether resinoi 
vitreous electricity results from friction, depend] 
the nature of both substances — so tha.ttbe same b 
rubbed by ditferent substances, will produce diffj 
cli!irges, either vitreous or i-esiiious. 

On the continent, the news of the discoveries o^ 
French and English caused activity among the Gei 
and Dutch philosophers. Boze, a professor in Win 
berg added to the electric machine, in 1741, whi 
known as the " prime conductor"; that is, ho < 
bined the ideas of Newton or llawksbee with those] 
Gray, and attached a " collector" of electricity to tl 
glass frictional electric machine, insulating it, so t 
the electricity might be longer retained. Gordon,! 
1742, used a long glass cylinder, instead of Newtoin 
globe, and caused it to be rubbed by a fixed cushi<M 
instead of by the hand. In this way, the inachin 
became really effective, was rapidly improved in its 
mechanical construction, and operators could draw 
from it long sparks, of force and intensity enough to 
set fire to alcohol and even to less inflammable sub- 
stancea. With the ability to bring about strong 
electric action, many new and striking experiments 
could be tried, and more knowledge obtained of the 
laws of electric action and its conditions. 

Bat a greater step was soon to follow. The prime 
conductor served to receive the electricity from the 
rubbed cylinder, but did not afford means for storing 
it up, since the insulation was imperfect. Conse- 
tjuently, men sought a way of collecting electricity 
inside of some insulating vessel. The simplest idea 
was to put it inside of a glass bottle. As early aa 
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llio, a. Bisbop of Poraerania, named V"on Kleist, put 

tinTcury into a bottle, and led a wire down into it. 

Th'.-fi by means of a rude form of electrical niacbine 

conducted the electricity along the wire and into 

■ water. The experiment succeede<i, and in remov- 
.;.' ibe bottle be received a shock that seemed to bim 

very strong. 

I Dnring the next year, tbe same experiment was also 

made with water in tbe bottle, probably independently, 

■ n- a professor Muscbenbroecli of Leyden, or by a 

■111 of hia named Cuneus. Muschenbroeck says of 

■ shock received, " I felt myself struck in my arms, 
>iilder, and breast, I lost my breath, and it was two 
vs before I recovered from tbe effects of the blow 

I li tbe terror." 
The unexampled force of this r 

action caused great interest 

and excitement in all parts 

I if Europe. Tbe bottle, 

known as the Leyden jar, 

was eagerly studied by a 

number of philosophers, de- 
spite Musehenbroeck's 

alarming declaration, " I 

wuuld not take a second 

sliock for tbe kingdom of 
Frniice." For the first 
ii- it was made possible 
' collect and bold electric- 
ity in a receptacle that could 
be carried from place to place, and to release tbe 
wodensed charge by touching a conductor to tbe 
feceptacle. 



' form of electric 
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Houston, in hia exhaustive work on '• Electricity in 
Everyday Life," truly a small encyclopedia of the 
whole subject, has by quotation from an old treatise 
given a good idea of the interest excited by the in- 
vention of the Leyden jar. " Then, and not till then," 
says the old author, Cavallo, " the study of electricity 
became general, surprised every beholder, and invited 
to the houses of electricians a greater number of spec- 
tators than were before assembled together to observe 
any philosophical experiments whatsoever." 

The Abbe Nollet, a French experimenter and a 
friend of Dufay, exhibited the power of the Leyden 
jar by causing three hundred soldiers to bold hands 
forming a chain, and then in the presence of Louis XV 
sending the electricity through them all. Other 
Frenchmen sent the current through a circuit about 
two miles and a half in length ; and once the basin of 
the fountain at the Tuileries, containing an acre of 
water surface, formed part of the circuit. The Eng- 
lish Royal Society outdid even this feat under the 
direction of Sir William Watson, noting so far as 
possible the laws of the action of the jar, and ascer- 
taining that the electricity was felt instantaneously 
through 12,276 feet, over two miles of wire. 

It was learned by these experiments that to get 
good effects there must be a conducting substance on 
the outside as well as on the inside of the jar ; and 
Watson used tin foil on both outer and inner surfaces, 
finding it more convenient and effective than water. 
The electricity received from the machine was posi- 
tive (or vitreous to use the old name) ; and just as when 
we magnetize a bar one end tends northward and the 
other southward, and two north poles repel each other, 
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Ijut north and south are attracted, so in the Leyden 
fit U was found that to charge either surface posi- 
j '^fely. made the other surface negatively charged. 
^H At first jars were made of larger size to get stronger 
^^m ^ects, and then it was found that a number of small 
^HJ*"^ could be connected together by conductors — 
^ ""ler surface being connected to inner, and outer to 
■ "Iter throughout the series — and thus the effects 
r "a single large jar could be brought about by a 
'"^attery " of smaller jars. 

The means of condensing electricity into receptacles 
*'0g found, there followed within very few years a 
Tiber of discoveries as to its properties. But 
'" order that we may follow the |)rogress of the 
*'^'ence it is necessary that we should get a Iwtter 
"'^a of the nature of the subject these men were 
stt»(]jing^ some idea of its properties and Jaws. 



I^io 



FRANKLIU AND COXTEMPORAKIES 

We knou- all tilings by means of our senses. The 
effects on sight, hearing, feeling, taste, and smell are 
tbe only means by which we know of the outer world. 
About these effects and their causes we can reason in 
our minds, making guesses at how things will act, and 
why they act as they do. We can correct the report 
of one sense by another — as when we see that a per- 
son is in one place though some echo, perhaps, makes 
the ear report his voice as coming from another place. 
We can make guesses about causes, and then test our 
guesses by experiments, and in this way separate true 
causes from apparent ones. We can compare things 
unknown with things known, see likenesses and differ- 
ences, and thus form an idea of what is likely to be 
true even of the unknown. 

As to electricity, we can know only its effects upon 
the senses, or its effects in changing other effects on 
the senses. Thus it is that motion, heat, light, sound, 
weight, odour, taste are found by us in substances; and 
'for ages these were all men knew of matter. Then 
began the collecting of facts due to something that 
seemed to cause some of these effects. A bit of rubbed 
amber caused motion. Light straws were seen to 
change place. Again the rubbing of similar sub- 
stances in a more effective way showed the production 
of heat, and light, and sound, all produced by the con- 
dition caused by the friction of certain substances. 
42 
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Jl name was given to this condition. Tlio substance 
was called etectrljied, and that by which it caused 
elTects was culled electricity. Then it was said that 
electricity drew things to one another ; repelled 
things from one another; wanned them, even burned 
them ; would act better through some substances, and 
DuC so well through others; could be held in the con- 
denser or Leyden jar, and then be let free at wilL 
Kext it was found that there were either two kinds or 
two states of electricity, and that tliese sought each 
its opposite, and when combined seemed quiescent, 
when separated by non-conductoi's were as if confined 
and seeking release and reunion, which came about 
by action from the positive to the negative — from 
the vitreous to the resinous. 

All these laws being known, more op less certainly, 
men began to guess about what electricity could be. 

Thales named it a "soul" or spirit, which was little 
more than an empty word. Boyle spoke 'of an 
"effluvium," or outflow, which suggested a way of 
action. Dufay, and an Englisiiman named Symmer, 
called electricity "fluid," and believed all substances 
to contain two kinds, weightless, that united had no ac- 
tion, but separated by rnbbing,gave rise to the observed 
And this was the state of men's guessing to 
ut the middle of the eighteenth century, though 
William Watson had added the suggestion that 
her than two fluids, electricity might be one fluid 
two states — the positive and negative. 
Such, put in brief general form, was the state of 
lectrio science when Benjamin Franklin began his 
;periments and researches and his attempts to form a 
learer idea of electric action. Franklin was always 
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interested in all subjects of learning, and besides being; ^ 
printer, author, and owner of a newspaper, hud been 
member of the assembly and postmaster of Philadel- 
phia, He organized the city's first police and its first 
fire-company, a militia, a hospital ; he gave his atten- 
tion to the paving of the streets, founded the Uai- 
versity of Pennsylvania, the American PhilosophicaLj 
Society and the great Library Company of PhtU« 
delpbia. ^ 

He became interested in electricity, and when the 
question whether thunder and hghtning were caused 
by electricity in the sky occurred to his mind, his 
ingenious mind taught him a way to find out the truth. 
He had already drawn up a paper showing that the 
effects of electricity were the same as those caused by 
lightning. 

It was in 1749 that Franklin noted the likenesses 
between lightning and electricity. He found they 
agreed in giving light and in its colour, in zigzug 
motion and swiftness, in being attracted by metals 
and conducted by them ; in passing through water or 
ice, rending bodies they pass through, killing animals, ■ 
melting metals, firing inSammable substances, and! 
having a sulphur smell. These resemblances, addedJ 
to the noise made by an electric discharge, cause 
Franklin to believe the two might be proved to i 
same. 

He hoped that a spire would be builtin Philadetpfail^ 
so that be might in some way attract the electrioitn 
from thunder-clouds. But, since no spire was built li 
became impatient, and decided to use a kite for t 
purpose of carrying a string into the stormy sky. 

It bad already been found that pointed conducton 




r 



FRANKLIN AND CONTEMPORARIES 45 

best attracted electricity, and received it with the least 
disturbance. It is said that a friend of Franklin's, 
Thomas Hopkinson, discovered the power of points to 
receive or to sot free electricity ; and this is referred 
to in a letter of Franklin's dated July 11, 1747, and 
ex|>eriment8 proving it are described. So he placed a 
pointed wire about a foot long at the top of a kite 
made of a large silk handkerchief stretched on cedar 
slicks. To the kite was attached ordinary twine, but 
after the kite was raised, a piece of silk ribbon was 
led from the twine, and a key tied to the same place. 

Of course the idea of Franklin was that if electricity 
was in the clouds, some of it would be attracted by 
the steel wire, would act along the conducting twine 
and key, and would bo insulated by the silk — a non- 
conductor so long as it was dry. With his son Frank- 
lin stood under a shed to keep the silk ribbon dry, and 
awaited results. This was in June, 1752. 

After some waiting the fibers of the twine were 
seen to stand apart — repelling each other, because 
electrified the same way. Then approaching a 
knuckle to the key, he received an electric spark such 
as carae from eieclrilied boilies. A Leyden jar was 
brought, and on being applied to the key collected 
electricity with which the usual experiments could be 
performed. 

For the tirst time the lightning of the thunder-cloud, 
and the electricity known on earth were proved to be 
of the same essence. Franklin — the printer-boy — 
had dared to steal a part of Jupiter's thunderbolt, in 
' oixler to prove that even the lightning obeyed laws 
that tiie brain of man might understand, and had 
bounds beyond which it could not stray. 
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ksTiDg a J*t***t the other baviDg a miiitM or n^ative 
cfaargCL 

Wttatever bis use of terms, he at least saw the trath 
tbat the two coatings were in a different state elec- 
trically, and that when a conductor was made tu join 
tlieio there was violent [)us^ing of electricity between 
tfae positive and tbe negative, and then they were in a 
like state, neither giving forth electricity. Therefore 
be was ioclinetl to what was known as the"single- 
flaid" theory of electricity which ascribed electric 
action tu tbe difference of the amount of so-called elec- 
tric fluid in two bodies. Rubbing two bodies together 
caoses electricity, it was believed, to pass from one to 
the other, whereby one becomes overcharged, the other 
ntulercharged, or one positive, the oilier negative. 

FraoktiQ also thought that the " electric fluid " I'e- 
pelled itself, so that two positively electrified bodies 
showed repulsion. Why two bodies negatively 
charged should show repulsion is, on his theory, not 
so easily understood. But though these early theories 
were great helps in finding the truth or the truer 
theories of later times, they are now replaced, and we 
need not therefore hear them in mind except as hel)>- 

tiog us to know the meanings of terms that came into 
jtte while those theories were held. 
I JTor must we think the old theories indicated igno- 
tmnce in the authors of them. They were often the 
lesalt of much deep thinking and experiment, and are 
nsoally nearer right than wrong. Though to-day we 
do not think of electricity as a " fluid," yet xve still 
find the easiest way to explain many kinds of electric 
action is likening it to the flowing of water in pipes 
and from reservi 
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AVliile Franklin's kite experiment is perliaps tbe besi 
known, there were at a little later time in Euru|>e a 
number of electricians trying similar experiments by 
using long iron rods to attract the lightning. Among 
them may be named D'Alibard, who owed tbe sugges- 
tion to Franklin, but who drew sparks from the clouds 
some weeks before the flying of the Franklin kite. 

But there were many sceptics who cboso to doubt 
tbe experiment, as related by tbe American, so long 
as this was set forth only upon his authority. Tbe 
Royal iSociety of London was one of the doubters, but 
soon admitted the importance of the occurrence. 
Franklin's account was translated into foreign lan- 
guages, and in various ways and various cities phi- 
losophers sought to draw lightning from the skies. 
Among these disciples of the American were tbe great 
BufTon, tbe French naturalist; Beccaria, the Italian; 
Komas, another Frenchman, and a Russian, Professor 
Richraann. Romas used a kite, but added a wire to tbe 
. cord, and succeeded in attracting a strong charge ; 
while Richmann, having a metal conductor arranged 
from the roof of his laboratory and ending in a rod 
through tbe ceiling was instantly killed by a flash of 
lightning that struck tbe iron rod, entered his body at 
the forehead, and apparently left through tbe left 
foot, bursting the shoe. 

Considering tbe daring of experimenters and their 
ignora.nce it is remarkable that the death of Professor 
Richmann is the only tragedy recorded in these early 
days of the science. Many others had set up pointed 
rods, and had discovered that there was often elec- 
tricity in the atmosphere even when no thunder-clouds 
could be seeDj or when the sky was cloudless. This 
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^'«ctricity is usually positive, especially in clear 
"^eatiier; in rainy weather it is generally negative, 
^Utmay change otton and suddenly. 
Among noted students of electricity at this time was 
"^ obn Canton, an Englisliinan born in 1718, and thus 
U bout thirty -four years of age at the time of Frank- 
' in's kite-flying. lie liad already been interested ia 
tbe Leydeti jar, and had made many experiments in 
electricity and magnetism, being elected to the Royal 
Society and awarded a gold medal fur a paper on mak- 
ing artificial magnets. He repeated Franklin's proof of 
the identity of lightning and electricity, being the first 
in England to do so, and read a paper describing his 
observations in which he mentioned the discovery 
Ihat some clouds were negative and some positive. 

I -Be was in correspondence with Franklin and became 
lis friend. 
He remained as he had begun, a schoolmaster, but 
1o him we owe a number of discoveries in electric 
iicience. lie found out that resinous or vitreous elec- 
tricity might be excited in the same substance when 
rubbed by differing substances, and that the smooth- 
ness or roughness of the surface at times determined 
the kind of electricity produced. A glass tube, half 
rough and half smooth, was made by the use of a 
single rubber to produce both kinds of electricity at 
once. He invented putting an amalgam of quicksilver 
on the rubber of the electrical machine, thus increasing 
its action. But, a most important step forward, he 
discovered that electricity could he develo|Ted in a 
substance by the mere approach, wltfiuui i:ontiirt of 
an electrified body. This was the first discovery of 
:tric induction, and was made in llb'i. 
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This helped to explain the attraction and repulsioft 
of light bodies by electrified substances. Suppose a 
cork-ball hung by a thread to be brought near a posi- 
tively electrified rod of metal. At once, by this in- 
duction, the cork is electrified negatively on the side 
nearest the rod. It is then drawn to the rod, touches, 
is electrified positively by the stronger charge, and is 
then repelled since positive repels positive. It re- 
mains repelled until discharged by being touched. 
Then it is again attracted as before. 

Canton in this way made what is known as the 
electric chime, placing little bells so tbey would when 
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Canton'm Elbctuic Chime. 



positively electrified attract light balls that rung 
them, were then repelled, struck another bell that dis- 
charged their electricity, were again attracted, and so 
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iin in a chime. He used this chime in an apparatus 
fur collecting electricity from the air, and it began 
to ring when the apparatus was electrified by the air, 
]'\- means of his experiments Canton learned that the 
iiirin a room could he electrified either positively or 
negatively, and so remain for some time. 

Beccaria, the Italian, made at this time a number of 
observations showing that water conducts electricity 
imperfectly except in large quantities, and that air 
near a body that had been electritied gradually ac- 
ijuired the same electricity, and parted with it but 
iloivly, thus supporting Canton's induction discovery, 

Robert Symmer, having noticed sparks and crack- 
ling when be pulled otf his stockings, began to experi- 
meut with them, and concluded that the colour and 
rasterial of the stockings made much difference in the 
-electrical action. lie charged a Leyden jar from the 
electrified stockings, and was led to adopt the tw<vfluid 
theory of electricity by his experiments, believing that 
liie actions noted were explained by supposing two 
Hiiids that existed together, and gave rise to electric 
ilisturbance when their equality or equilibrium was 
ilislurbed. 

So many raen were now at work making experi- 
nioniB that space cannot be given to them all, especially 
a* later observers have found out simpler or more di- 
rect methods of proving the facts they brought out. 
Thits it was found that a number of minerals became 
electrified when heated ; that some substances showed 
electrical changes when melted, and that the shock 
Riren by the torpedo fish was an electric shock, pro- 
duced by a true electrical apparatus. 
I Id 1760 there was a most important change made in 




general observations, or even the improvements in ma- 
chines were the accurate researches carried on by the 
deep scholar Ilenry Cavendish, who in 1771 published 
in the papers of the Royal Society of England, a 
theory of electricity. Cavendiah measured the resist- 
ance of various substances to the passage of electricity, 
examined the capacity of glass plates to hold elec- 
tricity, and studied the results of passing the electric 
spark through mixtures of gases. Others had taken 
apart water into oxygen and hydrogen by passing elec- 
tricity through it ; and Cavendish by experiment was 
able to make them again into water by exploding an 
electric-spark in the right mixture. But though these 
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were the bcginniDgs of electro-chemistry, a science 
possibly destined to produce the greatest effects on 
human life in the f uture, the investigators did not carry 
them further, and it remained for future years to de- 
velop the hints they contained, just as coming men 
will develop ours. 




CHAPTER VI 
GALVANI, VOLTA, AA'D THE CELL 

As electricity was more and more studietl, i 
tors tried to devise ways by whicU it could be meas- 
ured. CavendisU had examined into the resislunce of 
conductors, and Coulomb, wbo lived about the eame 
time, took up the question of quantity. He devised a 
way to measure the force of electric or magnetic ac- 
tion. For this purpose be made a glass jar in which 
from a tine wire bung a needle of shellac having a gilt 
bull at its end. By lowering a charged rod into the 
jar, ibe bull was repelled, and the wire twisted to an 
amount measured on a scale, thus showing the 
strength of the repulsion from the rod. A similar 
balance was used to test magnetic force. 

From the experiments made Coulomb declared that 
the action of magnets was inversely proportional to 
the square of the distance ; that is, at half a given dis- 
tance theforce was four times increased ; at one-fourth 
the distance, sixteen times increased. This same law 
applies in the case of electricity, when the balls eleo- 
trilied ure small. His balance also showed that elec- 
tric charges repelled or attracted with a force equal to 
lhej» 'duct of the charges for a given distance. 

Couli, riibgave out a double-Huid theory of magnetism 
in 1780, 'hich was little mure than an adapting of the 
electric llieory to the actions of the magnet. We 
need not yiscuss it, since the fact that one magnet will 
magnetize many others without losing power seems a 
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tur proof tliat magnetism is not to be considered a 

Aaicl ; besides, modern theories seem more prubable. 

^Qt Coulomb's measurements enabled him to Had out 

jost how magnetism was distributed in magnets, and 

t^t electricity distributed itself equally between 

spheres of the same size, but dififered in density at 

Various pointa, and on bodies of various shapes, and so 

on. In short, he collected a great number of careful 

•ioservations and attempted to explain them by a 

theory that heli)ed greatly in the exactness of the 

Mience, and practically showed how to make con- 

Eiondensers, and insulators more elFective and 
-all of which was most valuable to later ex- 

Gaitani's Espekiuent Wiiu 

perimenters, and secured for Coulomb the fame of 
having the electrical unit of quantity (that unit by 
which amounts of electricity are measured) called in 
recent years by his name — the coulomh. 

The last few years of the eighteenth century saw 
also the rise of what was almost a new science of elec- 
tricity, through the discoveries of the Italian Galvani, 
■ofessor in the University of Bologna. One even- 
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ing in his laboratory while investigating tbe effect of 
electricity on animal organisms, lie used frogs' legs as 
a means of delecting delicate electric charges. Then 
having bound them together with copper wire they 
were liuiig against an iron railing in a window, and 
immediately became "powerfully convulsed." Such 
is one story of the happening. Another is quite differ- 
ent, and say3 that frogs' legs broth had been ordered 
for Madame Galvani because of her having a cold. 
The skinned legs were lying on a table near an elec- 
tric machine in action. An assistant touched them 
with a metal instrument, and they were violently 
affected. Madame Galvani noticed the occurrence, 
and her husband investigated it. The first story is 
favoured by Dr. E, J. Houston for the reason that a 
document exists showing Galvani had used frogs to 
test for electricity several years before the date given 
to that story, whereas the frogs' legs-broth incident is 
dated later than the first. Probably the discovery was 
earlier than ITSfl. 

Though a Dutch physician, Swammerdam, had more 
than a hundred years earlier shown that frogs'legs would 
twitch when touched by metal wires, Galvani undoubt- 
edly knew nothing of this when ho announced his dis- 
covery of " animal electricity." He thought electricity 
might be secreted by tbe brains, and then stored in the 
^muscles, as if in Leyden jars, from which the nerves 
conducted it. So he formed a branched fork of metal 
wires, copper and silver, and caused convulsions of the 
muscles by touching one end to them, and the other 
to a nerve. These experiments were repeated in 
various ways and an account of them published. 

Galvani himself lost his professorship because he 



GALVANI, VOLTA, AND THE CELL 57 

'^ould not swear aUi-giance to the Oiaalpine RepubliCj 
and ihougb restored, could not return, but died in re- 
lirement. His name remains enshrined in the term 
^"Ivunitin, and its derivatives. 

Tbough he did not greatly profit from his own ex- 
periments, he furnished to another the means for a 
Lgfeat discovery and invention — no less than anew 
llource of electricity, and a source far superior to theold 
I electrical machines. This other was Alessandro Volta, 
IiIbo an Italian, and a native of Como, the birthplace 
|0( the two Plinys. Volta was a professor of physics, 
I'm had travelled widely and formed friendships with 
'^ly distinguished men of science. He had written 
■*n the theory of electricity, adopting with some change 
•I'e single-fluid theory of Franklin, and suggesting 
lilt electricity might be produced in other ways than 
y friction, such as in chemical action, by evaporation, 
" toelting, burning, and mixing. About 1774, or a little 
eariier, he betook himself to experiments, and in the 
next year described an invention called the " Electroph- 
oms " or electricity- bearer. 

This is a resinous cake, which has heen melted and 
permitted to set or harden in a metallic dish. On 
tbis rests a metallic disk, with an insulated handle, of 
glass for instance. The resinous cake is excited neg- 
atively by friction with cat-skin, and then the metal 
disk is placed upon it, touched with the finger, and ■ 
lifted, whereupon it will be found heavily charged with 
positive electricity, and will give off sparks. But 
meanwhile the resinous cake retains its charge, and 
will induce a second charge in the metallic plate. 
Kubbing electrifies the resin negatively. The disk 
being applied, its positive electricity is attra^to.1 lo 
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the lower surface, its negative repelled to the upper. 
The finger touch conveys away this negative elec- 
tricity, and the disk retains only the positive. 

This can be repeated again and again. The elec- 
tricity in the electrophorus is believed to come from 
the force exerted in pulling or lifting the disk with its 
positive charge from the resin with its negative charge. 

But each time the finger must touch it before it 
is lifted, for this carries off the negative charge^ 




L 



leaving the positive to be retained by the induction of 
the negative cake. Perhaps this will be best under- 
stood by imagining the two kinds of electricity on 
each side of the metallic plate, and the negative to 
bo allowed to escape from the upper side through 
the finger and body to the ground. 
This was a most cooTenient little apparatus, giving a 
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^ charge that could be again aad again repeated 
withuut again ruljbing the resinous cake until its 
influence had slowly passed away. Volta spent some 
time in improving this apparatus, and likewise gave 
bis attention to various ways of storing electricity in 
condensers, and to an electric balance for the measure- 
ment of electricity. lie separated electrified plates, 
one of which was bung at the end of a beam, by 
weights put into a pan at the other — which is de- 
clared by the " Encyclopedia Britannica " to be the 
tirst electrometer. For in this balance electric resist- 
ance was measured against weight, and the same 
measurement could be made by others with other 
balances. Other of his studies related to the dis- 
charge of electricity through points and flames. 

Volta was much interested by the experiments of 
Galvani and repeated them ; but soon he came to 
disagree with Galvani's explanation. He believed 
the electricity to be derived, not from the animal 
tissues or nerves, but from the metals used in the ex- 
periment, and to come from their contact alone. To 
prove this, be devised very delicate tests. His instru- 
ment was called a condensing electroscope. 

An ordinary electroscope (or electricity viewer, as 
the Greek words may be translated) consisted of two 
pitb-balls or strips of gold leaf, hung from a conduct- 
ing wire and put into a glass jar so that the air cur- 
rents may be kept away. An electric current or 
charge makes these both negative or positive, and 
they stand apart reirelling one another. 

Volta added to the top of the wire a flat plate of 
tnetal, covered with a waxed silk cover and applied a 

lOnd plate to the cover, the second having -- 
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suUting handle. Wbea this seconii plate was elec- 
trified even in very slight degree, it accumulated the 
charge precisely as a Lejden 
jar would, for the finger 
was placed on the lower 
plate to discharge the nega- 
tive electricity. Theo the 
top plate was lifted leaving 
the lower plate's electricity 
free, and at once the leaves 
or balls of the electroscoiie 
were repelled. 

This instrument was one 
hundred and twenty times 
more sensitive than the sim- 
ple electroscope. It is, as 
the reader will see, a com- 
bination of the Leyden jar or condenser principle with 
the principle that like electricities repel one another. 

Using this sensitive test, Volta put together various 
metals, and held them against his condenser electro- 
scope. He detected electricitj' in the combined 
metals, but also found out that the frogs' legs were, 
as an electroscope, much more delicate than his con- 
denser electroscope, being affected when that instru- 
ment would not indicate any electric action whatever. 
Having perfected his tests, Volta was able to com- 
pare results, and found the best results came when 
different metals were in contact, especially if used 
with salty or acid solutions. He used these solutions 
because it had been shown that they helped to get 
good results with conductors, insuring closer contact. 
But from the use of the acid solutions with metals 
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titey \\oa\d act upon cbeinically came a most i 
^fi discovery and invention. This is the well 
' oltaic Battery or Pile — a device that was to 
®lorrnoas advances in electric science and tht 
^'O'ning from it. As Volta described it in a 
f^ad before the Royal Society 

'" June, 1800, it consisted of 
Several dozen disks of copper, 

""^ass or silver, and an ctiual num- 

^'" of disks of tin or zinc, of the 

"^lle size." Zinc and copper al- 

j^'nately are usually chosen. 

^*tween each pair, is a cloth 
*slt dampened with salty water, 

^■'ghtly smaller, forming a pile 

'^^ column. First copper, then 

*inc, then cloth, and so on, being 
ireful to complete the pile with 
^he metal disk different from that 
Vhicb began it. 

This pile was then enclosed in 
« little frame of glass pillars, a ' 
wire attached to the top and another to the bottom 
disk, and electricity was continuously produced as 
soon as a conductor joined the two wires. It was the 
first means of producing a continued flow of electricity. 
The force of this current was less, but its quantity was 
enormonsiy greater than that of the electric machines 
working by friction or induction. To compare the 
flow with the flow of water, it is like water 
flowing slowly in a big pipe compared to water 
flowing quickly in a small pipe. The latter is more 
forceful though less in quantity. The voltaic pile 
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gave more electricity in a less forceful way ; and, 
besides, it proved that what was known as galvanism 
was only electricity produced by different means. 
Volta made a number of ImprovemeD ts in his appa- 
ratus, and was engaged in the controversy that took 
place between those who thought the electricity came 
from the mere contact of the dissimilar metals, and 
those who believed it came from the chemical action 
of the solution — as is now generally accepted. The 
discussion of this question was said to have caused 
enough ink to flow " to float the Navy of Great 
Britain" — though one would think less use of ink and 
more use of the chemical solutions would soonest have 
settled the great dispute. 

The voltaio pile was capable of improvement as 
soon as it was understood. It was troublesome to 
dampen the disks of cloth, and they soon dried. Con- 
sequently ingenious workers, including Volta himself, 
used the same principle to build better apparatus. 
He made a number of separate piles, connecting top 
disks and bottom disks by conductors ; this prevented 
the weight of the disks from squeezing the cloth dry 
so quickly, or from making the moisture run down the 
sides. Then he devised another apparatus, consisting 
of cups to hold the acid- water solution while the pairs 
of metal plates were set into them. Each copper plate 
was soldered to the zinc plate in the next cup, the 
conducting wires being soldered to the first copper and 
the last zinc. This made a true electric battery. He 
called it a " crown of cups," since ho placed them in u 
ring BO as to bring the two ends of the series near one 
another. 

Put in order to prevent the action of the battoij^ 
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i?hen not in o^e, it was not convenient to lift the 
metal pairs separately out of the solutions, and so 
meaDS were adopted for fastening them to a single 
snpport, such as a bar of wood. This was invented 
by Dr. Woilaaton, who also devised a way of bending 
the copper plates in U-form, hanging each zinc plate 
into the space between. This made a larger surface 
over which there was actioD, and thus the cells were 
more effective. Others brought about the same im- 
provement by coiling the plates into cylinder form, 
ibus making room for more surface in the same size 
cell. 

Another method of changing the action of the cells 
is by connecting them differently. It will be seen that 
all the zincs, and all the coppers must be connected, but 
this can be done in two ways: We may connect all 
ibe zincs together, then all the coppers together, and 
afterward may connect the united zincs to the united 
coppers; or, secondly, we may connect a zinc and 
copper, then another zinc and copper, and so on, and 
then connect these couples. Here are the two ways: 
Z+Z+Z+Z + C-i-C+C+C and Z + C + Z + C + Z+C 
+2-f 0. Now, if a wire were to be run, in each group, 
from the first Z to the last C, we should have the two 
kinds of cell connection. The first sort is known as 
11 Q I ti pie-connection, the second as series-connection. 

The effects of the two connections vary. If we 
compare the flow of electricity to the flow of water. 
We shall see that series-connection is like running 
Water through a long narrow channel, while multiple- 
connection is like running it through a broader and 
shorter channel, or through a number of parallel 
lannels. In the first case the water meets more 
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friction, or resistance, but will (for a given pressure of 
water) flow with more velocity. In the second case, 
llie water meets less friction, and flows with less 
velocity. But the series-conn ection gives a stronger 
current in less amount; the multiple gives a weaker 
current in larger amount. 




Voltaic Ceua Arbanoed in Multiple-Coknection. 
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Voltaic Cslls Abbanobd in Sekibs-Cosskctios. 

Or we may say that connecting all the zincs to- 
gether adds them — makes them equal to one big zinc 
plate the sum of tbem all ; and connecting all the 
copper plates has a similar effect. Thus, small cells 
connected in multiple become like one large cell. 

Of course, as with the water, we cannot have both 
more and stronger electricity-action, any more than 
we can with the same mill-stream run a bigger mill 
faster with the same amount of water-current. We 
can let the water run a row of little wheels, or turn 
one big wheel more slowly, as we may choose. 

It is important to understand this because the rule 
applies all through the whole science and art ol 
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electricity — the idea being the same as is expressed 
in the old proverb — " You caDnot eat your cake, and 
have it too." However we may connect our wires, 
ne shall be forced to choose between more or less, 
stronger or weaker — as in mechanics we must sacri- 
fice power to get speed, or speed to get power. And 
electricity, after all, is only another example of me- 
cbanics, action taking place subject to the same laws. 

There are still other ways of connecting the cells, 
by combining these two main systems. Thus we may 
coanect two aeis of cells in series, and then connect 
the sets in multiple; or we may connect sets in 
mQltiple, and then connect these mnltiple-sets in 
series. To diagram these we may use letters as before : 
z_C+z+c represents two series-connections, and these 
may each be treated like a cell and joined in multiple. 
While c+c+Ch^C' representing multiple-connection, 
may be joined in series. The question as to what 
kind of connection is made may be decided by follow- 
ing the imagined course of current. To proceed 
through both elements of a cell and then through both 
of another cell, is to proceed in series; to proceed 
through one element of all cells, and then through 
the other element of all, is to proceed in multiple. 

Where the two ways are combined, consider each 
group separately, and remember that the amount and 
the pressure of electricity are governed by the original 
strength of the current caused by the action in the 
batteries as modified by the resistance of the work it 
has to do by passing along the conductors — in which 
must be included everything affected by the current, 
the plates, the solution, the connections, and the con- 
tacting wire. 
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It is impossible here to give even in briefest tm 
all the difterent modifications of the voltaio a 
They are based upon the same general principles, a 
can be understood if these are borne in mind. . 
better means of bringing about the effects were : 
vented) we shall speak briefly of their principles, a 
of their inventors. 



CHAPTER VII 

THE PIONEERS OF THE SCIENCE 

By means ol the voltaic cell it became possible to 

nake electrical experiments on a largo scale. Though 

.he early batteries, like all early forms of apparatus, 

were in certain ways crmle, and though such batteries 

loon ran Jown in strength, yet they could for a short 

time be made to yield large amounts of electricity, 

IT electricity in continued currents. Thus we reach 

n era in the science — the era when current electricity 

miild be used in experimental work. 

One of the very earlieut to profit by the new source 

i electricity was Sir Humphrey Davy. Born in 

Wiriiwall, England, two years after the Declaration 

if Independence, son of a wood-carver, he is said to 

Hve been noted in bis youth for nothing except bis 

'retentive memory, facility in versification, and skill 

il story -telling." So the Bntannica declares, ap- 

finntly without suspecting that these are the very 

ptiilies to make a great investigator — remembering, 

Onstructing, and imagining. Davy became appren- 

Sced to an apothecary and doctor, and was studious 

il educating himself. When nineteen he was inter- 

■twl in chemistry, and scared his household by garret 

Bplosions. 

He was lucky enough to be noticed by appreciative 
Ben, and was engaged to take charge of a pneumatic 
■edical institution — whatever that may be! At all 
fents, it was an employment that helped him to study 
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chemistry and physics. He found out that tho mineral 
silica was ii\ the stems of reeds, corn and grasses ; dis- 
covered in 1799 that nitrous oxide gas ("laughing 
gas") would intoxicate; and tried to find out what 
" heat " was, by causing pieces of ice rubbed together 
in a vacuum to produce heat. 

His first book of " Researches " caused him to be 
recommended as a lecturer on chemistry to the " Royal 
Institution," recently established in London. He be- 
came professor of chemistry in 1802, attracting great 
audiences by his brilliant lectures and ingenious experi- 
ments. Though ungainly and awkward in movement 
he was "animated, clear and impressive" in speech, 
and soon became very popular in the city, and also 
with the management of the Iloyal Institution. 

The members of this body put under Davy's control 
enormous voltaic batteries, with which he could make 
most helpful experiments. 

First of the discoveries he announced was the mak- 
ing of a voltaic battery with owe plate of metal, and 
two fluids. There followed a long list of brilliatit 
papers, hardly one of which failed to "announce some 
new and important fact, or elucidate some principle." 
But especially he explained that both "electrical and 
chemical attractions are produced by the same cause, 
acting in one case on the particles in the other on the 
masses." Decomposing certain alkalis by the electric 
current he discovered in 1807 sodium and potassium 
and three other new metals ; and later he carried on 
extensive chemical researches in electro-chemistry, 
showing that chemists were to find in the electric cur- 
rent a marvellous new assistant. This use of the 
electric current bad been made in the year 1800 by 
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Nicholson and Carlisle, two English experimenters, 
wbo decomposed water into oxygen and hydrogen ; but 
Ducy had been able tu systematize the work and dis- 
coTer its laws, and thus to make the beginning of a 
DetT science and art. 

Likewise in 1SU2, Davy, by sending the electric cur- 
rent through a circuit ending in two pieces of willow 
chspcoal — carbons — had shown that a brilliant arc 
of light was produced ; but it was reserved for his 
helper and follower Faraday, to discover the cause and 
tbelatvsof this brilliant light, and thus to make it useful. 
About ISUS, the batteries with which Davy had 
dune so much were worn out, and in July a few mem- 
bers of the Royal Institution took up a subscription 
that furnished him with an enormously powerful new 
battery of 2,000 plates. With this battery be obtained 
iotense currents, and showed the arch of light — the 
"carbon voltaic arc " — in great brilliancy and beauty. 
De also noted the intense heat of this electric flame, 
finding that few Bubstances could resist it. But strik- 
ing as were these experiments, they were for the most 
part only doing on a different scale what had already 
been done by the use of smaller batteries, or by means 
o( electric- machine currents. 

But Davy's experiments and researches bore more 
es[>ecial!y upon the chemical side of science, and, to 
Ilie end of his life, in 1829, he never ceased to make 
useful discoveries and inventions, and to write on 
Scientific or literary subjects. One of his last pieces 
of work was a study of the " Electricity of the 
Torpedo " (meaning the fish, of course). 
~ avy's greatest services were to electro-chemistry, 
he also did much to prepare the way for hia aac- 
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oessor at tbe lioyal Institution, Michael Faraday, hj 
attracting the attention of tbe public and by creatiqf. 
interest in scieDtiSc work. 

Meaawbite, there were workers in other branclMI 
of electric science who were likewise preparing I 
road for their successors. ]n 18u3, it is said tbatj 
French experimenter, M. Carpue,. published certailiil 
veatigations on the curative effects of the electric c 
rent; but the applications of electricity to medicidj 
had no wide development until some years afterward 
when the discoveries of Faraday had given the scieool 
a practical apparatus. 

About 1S05 an Italian pupil of Volta named Brug 
natelli, carried further some experiments made a fe* 
years earlier, and succeeded in causing tbe electrii 
current to deposit a plating of gold upon two silv* 
medals. It was not the first time this action of t 
current hud been observed, but seems to be tbe iin 
practical use of the power of electro- plating, 
therefore tbe true beginning of a process that has t 
developed since in so many useful applications. 

Indeed, after a certain process has been developed, 
we may almost always find that, in some cruder form, 
it has existed for a number of years with its possibiii-. _ 
ties unrecognizetl. And this is peculiarly true ( 
electricity. As we read tbe records, we shall find il 
these early years of the nineteenth century, and I 
fore, the germs of the whole science of electrioitjS 
One or another experimenter in his laboratory reaohfl 
a result that, if it bad been keenly followed up, mig^ 
have led to results that in fact were not reached f<0| 
many years thereafter. 

Davy's production of the electric-arc is an ezceUeol 
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'example. But even where the possibilities of a dis- 
covery are vaguely seen, the practical working out of 
ita applications is a matter dependent upon many 
elements not yet in right condition. Davy, for in- 
stance, could not foresee how electric currents might 
become commercially cheapened in cost, so that the 
effects of his enormous battery might be secured from 
the poiver of a small waterfall or a steam engine. 

The telegraph was also foreshadowed long before it 
became a practicality. Lesage, of Geneva is said to 
have practically applied the idea of using frictional 
electricity in sending messages as early as ITTi ; and, 
in 1802, the fact that a current would move a compass- 
needle was observed by Romagnosi, according to Elihu 
Thomson, but no application was made for many 
years. In 1809, a still further step toward telegraph- 
ing was taken by Soraraering, a German, who is 
credited three years later with using a telegraph' 
made of thirty-five separate wires each connected to a 
point projecting upward through the bottom of a glass 
reservoir containing acidulated water. When a cur- 
sent through any wire, gas was seen to form 

1 bubbles on one of the points in the water. An 
American, Dr. Coxe, of Philadelphia, described a 
bmilar telegraph about the same time. 

Bat all these inventions were attempts to follow up 
laths that were not in the true line of progress, and 

9 mentioned here only to show the reader how many 

tevelopments of electric science are attempted, in 

"seeking for the true path of improvement and success. 

We cannot mention even a tenth part of them, but 

must select only the more striking and more fruitful 

overies and inventions. 
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Passing over, therefore, the first attempts at a 
battery that wgukl store u|> electric energy, the first 
use of the electric spark as a fuse to tire explosives, 
and the so-called " dry-pile " — a voltaic pile supposed 
to act by mere contuct of metals, but really influenced 
by moisture taken up fruiu the air, we shall next ex- 
amine tlie experiments of Oersted, for these proved to 
mark an era in the science. 

Hans Christian Oersted was a Dane, son of an 
apothecary, and was born in 1777. Like Davy, he 
began at an early age to experiment in chemistry and 
physics, and be was graduated at the University of 
Copenhagen. About 1800 he became interested in 
galvanism and electricity, and after several years' 
travel lectured on the subject, being appointed pro- 
fessor of natural philosophy. 

He published papers showing the identity of chem- 
ical and electrical action, and upon various subjects 
tending to make science popular, and was much aided 
by the friendship of scientific men, and by member- 
ship in the learned societies of Europe and England. 
Oersted was honouretl by a great national jubilee in 
1S50, and died in 1851. 

His discoveries were numerous, including a proof of 
the existence of the metal aluminum, but in electric 
science he deserves especial fame as the one who 
proved the identity of electricity and magnetism. He 
produced magnetism by using the electric current. 
He was led to this discovery by having noticed that 
the passage of the electric current near a magnetized 
needle caused it to turn, and by experiment found 
that the needle placed itself at right angles to a 
plane through the current and the needle center — or 
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crosswise to tlie current. Oersted is believed to have 
8UpiX)sed electricity might be a, furm of mugaetisni ; 
but by tlie iitvestigutiuus of tlie French philosopher. 
Ampere, who analyzed and systematized Oersted's 
experiraen Ls, it was made probable that magnetism 
might rather be regarded as a form of electric action. 
In 1820, the year following Oersted's discovery, 
Ampere was able to declare the existence of many 
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aws governing the action of electric currents and 
iieir action upon one another and upon magnets. 
He thus became the founder of the science of electro- 
dynamics, or electricity acting as a force, being the 
first to declare the laws that explained and the prin- 
" piples that governed the electric action of currents, 
Amp6re was a most precocious boy, born in Lyons 
5. He said in later life that at eighteen he knew 
I the mathematics he ever learned ; but besides his 
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skill in this one brancb, he seemed to have a general 
thirst for knowledge, reading the whole encyclopedia 
through. Aui|iere's father was executed by the revo- 
lutionists in 1793, and the son was thereby so affected 
as to remain fur over a year in almost a stupor. From 
this he was aroused by a treatise on botany that 
awakened his interest, and restored his love of 
knowledge. In 1801 he became a professor of 
physics, then of mathematics, and four years later be- 
came attached to the Polytechnic School in Paris. 

Hearing, in September, 1820, of Oersted's discovery 
about the magnetic needle, within a week he presented 
a complete explanation, and new discoveries showing 
that the currents in wires attract or repel one another 
as magnets do, but tending to arrange themselves so 
that their currents will flow in the same direction. In 
1831, he suggested an electric telegraph with a sepa- 
rate wire for each letter. He died in 183G. 

His expression of the law governing the deflection 
of the needle is very simple. Supposing a person to 
be lying in the direction of any current, so it Sons 
from feet to head, and to face the needle, Ampere 
stated that the north-pole of a magnetic needle always 
turns to the left until the needle lies across the cur- 
rent. The rule is stated in Guillemin's " Electricity," 
probably by the editor, Silvanus Thompson, as fol- 
lows: "When the current flows from Sovtk to Aorih 
owr the needle, the needle's north pole turns M^'est." 
And the reader is told that the initials of the four 
italicized words spell s-n-o-w, by which means the law 
is readily recalled. Of course, if the current flows 
South to North tinder the neetlle it turns to the ^itst. 

The importance of this discovery lies in the fact 
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that it offers a simple means for determining the ex- 
istence and direction of the current in any conductor, 
and also brought electrified conductors and magnets 
under one classification. The Britannica declares, 
that except Faraday's later discovery of the laws of 
induction of electric currents, ^^ no advance in the 
science of electricity can compare for completeness 
and brilliancy with the work of Ampere." 
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CHAPTER Vin 

FIBST KLECTBIC MOTORS. ASD THERMO- 
ELECTRICITY 

AitPERR tried the experiment of coiling a conducts 
ing wire into a spinl or helix, and found that when 
electrified sacb a ooil bad the properties of a magnet ; 
and that a straight bar of soft iron is dratrn into tbe 
middle of tbe coil, there becoming a magnet with a 
pole at each end, was the discovery of Arago, who 
carried Ampere's experiments further, Davy also 
made the same discovery indepeadenlly in the same 
year, IS^SO. 

Tbe life of Arago, which he himself has written 
with French hamour and rivacity. is most dramatic 
and exciting. Born in 1~S6. he longed to bea soldier, 
and studied hard to fit himself for the Polytechnic 
school. He read eagerly, bearing in mind D'Aleni- 
berl's maxim, " Go on, and the light will come to j'ou," 
and was admitted in 1803, meaning to fit himself for 
the artillery. But in 1804 he l>ecame secretary to the 
Observatory at Paris, and thus met many scientific 
men. He was engaged about 1S06 in measuring the 
meridian that forme<l the basis of the metric s^'slem, 
and met with most exciting adventures among the 
Spanish mountaineers, for he was thought to be a spy. 
After an imprisonment be escaped, fled to Algiers, 
and then disguised sailed for Marseilles. Captured by 
corsairs, he was rescued from a second imprisonment 
76 
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^h- after a long time, and even after this met with a 
''■^'Viole Odyssej of adventures in his attempts to carry 
^^e record of his survey to Paris. 

He was coDgniEulated by the great Humboldt upon 
his safe return, and became a professor at the Poly- 
tcchnic, a member of the French Institute, and one of 
the astronomers at the Royal Observatory. He was a 
lecturer noted for brilliancy, a writer of great clear- 
ne^ and force, and a patriot not without power to do 
service to his native land. 

He viiiited England more than once, and made warm 
friends among the most prominent scientiUc men. 
His political life is quite as interesting and exciting as 
bis scholastic, but cannot be here entered upon, even 
in the briefest summary. 

His researches in electricity and magnetism were 
most important. He made a study of the effect of 
various non-iron substances upon the magnetic needle, 
aati found that when itwas set sivinging above various 
materials — as ice, glass, copper — the needle swung 
less long and less widely as it Wiis brought nearer the 
gorface. This effect is known as the " damping " of 
the needle. 

Then he tried revolving the substances near the 
needle, and made a discovery that proved most im- 
portant. Revolving a copper plate below the needle, 
he soon found that the needle began to spin. This 
was an astonishing and unejspectwi result, and was 
not fully explained until the investigations of Faraday 
in England some years later. Arago, as before noted, 
also was the first to magnetize steel by means of the 
electric current. 

He discovered, first, that an electrified wire attracted 
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iron filings ; then, that steel needles or bars, so at- 
traoted, retained magnetism ; tUen, that these were 
best magnetized when the wire hud been coiled 
spirally, und the bar put inside the coils. The coil, or 
helix, wtu liriit used by Anifiere, and the properties 
of this belix or sutftwid, as it is called, from a word 
meaniDg tube-like, were more exhaustively studied by 
Arago. 

It is (lilHcult to keep events in their right order 
during the busy years from 1820 to 183U, for it was a 




time of many investigators working along similar 
lini^s, reporting the results achieved to one another, 
and repeating with changes the various experiments 
made. The general advance in the understanding of 
tiie laws of electric currents, of batteries, of conduc* 
tors, and of magnets, had put into the hands of scien- 
tilic observers the means of forming and testing 
theories, while the writings of Ampfire, Arago, Davy, 
and their fellow workers put others upon the right 
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I" track, and saved them from repealing researcheB 
I tireudy made. 

About lS:il, Michael Faraday, wlio bad been ap- 
I pointed Davy's assistant came into especial prominence 
^ by bis discovery that the electrical current could be 
ijeadily converted intoa continuous mechanical motion. 
iFaraday was horn in ITJ'l, the son of a blacksmith, 
f tnd tirst worked as aa apprentice to a bookbinder. 
He bad a fondness for study, and was taken by one of 
bis master's customers to hear four lectures by Davy 
at the Royal Institution. 

The young man took notes and wrote out the sub- 
!itance of the lectures so successfully that he was en- 
couraged to send them to Davy himself. 

Davy replied kindly, and later recommended Fara- 
day aa assistant in the laboratory. This began a cun- 
Declioa with the Royal Institution that continued for 
over half a century. Though Faraday's work was 
brilliant in many departments, and especially in 
chemistry, yet in electricity and magnetinm he accom- 
plished most, and to these subjects he devoted himself 
most completely. While in 1821 the great discovery 
of Oersted was interesting the scientific world Faraday 
happened to be present when Dr. Wollaslon and 
Sir Humphrey Davy were discussing the possibility of 
making a conducting wire rotate by means of its own 
nsarrent. Oersted having shown that the current would 
^Blove a magnetized needle, it was natural to consider 
^Rie effect of fixing the needle while leaving the wire 
free ta rotate. To the experiments of Oersted, 
Schweigger had added further facts by bending the 
wire around the needle, finding that every part of the 
Ktrified wire helped the motion of the needl*" nnd 
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when the wire is bent into a hollow rectangle or a set ' 
of rings, the effect of the current is increased hy every 
turn. In this way the current is multiplied, so to 
speak, and even a weak current produces a strong 
effect upon the needle. This device known as a " Mul- 
tiplier " at once came into use in tlie form of a test 
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and measure for currents, being called a galvanometer. 
Of course the resistance to the current increases with 
the length of coils of wire, so the turns must be pro- 
portioned to the strength and amount of the current 
to be measured. 

It was in attempting to solve the problem of causing 
rotation in a conducting wire that Faraday made the 
first of all electric motors, the germ from which all 
later forms may be shown to be derived. 

Dr. Wollaston's visit to Davy was in April, 1821, 
and in July, August and September of that year Far- 
aday wrote for publication a sketch of electro-mag- 
netism, repeating the experiments he described. This 
led him to the discovery of a means of making the 
electric current convert itself into mechanical motion. 
His method was to suspend in a glass cylinder corked 
at each end a wire hung from a hook, and dipping 
into mercury at the bottom oC the cylinder. In the 
mercuTy Jlvaied a bar magnet, anchored so as to stand 
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oprigbt. The current was passed through the wire 
dowQ into the mercury, and then out through a wire 
extending down through the lower cork. 

The current in passing caused the magnet to move 
or rotate around the wire. As will be seen this is to 
repeat Oersted's experiment with d, fixed wire andyVee 
magnet. Another account says that in the early ex- 
periments the maguet was Used in the cork, and that 
the wire revolved around the magnet ; but in either 
case the principle is the same. 

There is also a difference of opinion as to the time 
when Wollaston's visit was first made to the labo- 
ratory, but as Faraday himself acknowledges that 
Wollaston was the first to suggest the possibility of 
causing the rotation, the matter is not very important. 

In order to understand the action of Faraday's ap- 
paratus it will be necessary to examine something of 
the theory by which it is explained. Up to the time 
of Oersted a magnet was thought to contain something 
they called the magnetic fluid or fluids. But when he 
had discovered that the electric current acted on the 
magnet, this belief was given up, and after Amj>6re 
had studied the matter a new theory was accepted. 
According to Ampere every magnetic substance was 
the seat of electric currents passing among its particles 
in all directions. When magnetized, these currents 
were brought into united action, and in the permanent 
magnet, the currents all went in parallel directions 
crosswise to the two poles. 

Then, after it had been shown that currents acted 
on one another as magnets do, the magnet became 
only a collection of currents — as if made up of many 
eoils of wire each containing a moving currej 
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tricitj. Next, experiment showed the laws of attra& 
tion and repulsion applying to moving currents, anil 
they were found to be, in general, these, as Ampere 
stated them : 

1. Conductors carrying currents, if they are par- 
1 and the currents in the same direction, attract 

each other. If the currents are opposite, they repel. 

2. Conducturs both coming together at an angle 
or both diverging, attract when carrying currents 
going in the same direction toward or from the apex 
of the angle. If the conductors carry currents in op- 
posite directions, they repel. 

3. A sinuous (or wavy) conductor acts like a straight 
conductor under the same conditions. 

From these laws it would seem to follow that cur- 
rents at right angles to one another are equally re- 
pelled and attracted. But of course so exact a balance 
of forces would be as difficult to bring about as putting 
a bit of iron below a magnet so near that it would 
hang in air, balancing its weight against the magnet's 
upward attraction. 

Now, if the reader will consider Faraday's experi- 
ment of a wire hanging into a cup of mercury, he will 
see that at any position of the wire the attraction of 
the magnet's currents will be exerted from one half, 
and their repulsion from the other half — as if the wire 
were a hanging magnet and another magnet were car- 
ried around in the direction of the current, when one 
pole of the horizontal magnet would be always re- 
pelling, and the other always attracting the pole of 
the magnet hung so as to bring one pole within the 
inQuence of the revolving magnet. 

It is necessary to understand this action, since Fai 
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day's crude little apparatus was moet important, "em- 
bodying as it did," to quote Professor E. J. Houston, 
" practically the fundamental principles of the electric 
motor of to-day." 

The interactions of the electric currents with one an- 
other and with the magnet were also observed in other 
forms. Thus, when a magnet was brought near 
the electric arc between the carbons, it was found by 
Davy that the arch of ligiit was drawn from its place 
between the carbons, being either attracted or repelled 
according to the laws announced by Ampere. And 
tbe rotating of a conductor was brought about, also 
by Davy, in a dish of mercury, the liquid answering 
to tbe laws just as the conducting wires, the magnets, 
the arc-light, and other electric manifestations had 
done. 

About 1823 there was discovered another new 
method of causing the electric current. First, it had 
.been excited by friction, leading up to the develop- 
Itnent of the powerful electric machines, which had led 
to the discovery of electricity by induction, and to the 
eltotrophorus, and the Leyden jar; then it had been 
produced by tbe voltaic pile, leading to the electric 
voltaic cell and batteries. And now an experimenter 
named Seobeck found a new way to obtain electric 
currents. 

As in the case of frictional electricity there were 
certain ancient observations giving the hint of what 
lay concealed. Pliny told of a crystalline stone that 
when heated attracted light bodies, and there had 
been experiments made especially with the mineral 
tourmaline to investigate its property of attracting 
tnd repelling light suLstanccs wiien heated a 
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When this pfx>pertr wjis defioitely cunnected with 
electric theories, the action was named pj'ro- or Gre- 
electric When the crystal was heated, poles n-ere de- 
veloped that acted like those of an electrified cod- 
doclor. 

But though many had experimented with various 
crystals showing such properties, there had been no 
striking developments. Professor Seebeck, of Berlin, 
discovered that instead of being cooGaed to certain 
natarai substances, the property of giving rise to an 
electric current when heat was applied or a change of 
temperature affected, was general among all metals, 
providing certain conditions are fulfilled. Seebeck 
found that "when two metals of unlike crystalline 
structure and conducting power" are soldered to- 
gether and the junction either heated or cooled, an 
electric current flows across the junction, generally to 
the poorer conductor. Such ts the statement of Pro- 
fessor Houston, who probably gives the law as later 
experimenters have expanded it, rather than as it was 
known to Seebeck, as it sounds very general and more 
comprehensive than it would be when announced after 
only a comparatively few experiments. 

Later modifications of the thermopile — as the 
series of connected metals is called — have not essen- 
tially changed the principle, and it must be remem- 
bered that to Seebeck the credit of the apparatus is 
due, and that to him fairly belongs the invention of 
a wholly new method for producing an electric cur- 
rent. Besides being an independent invention, See- 
beck's apparatus was another link in the chain show- 
ing that electricity was produced by a whole set of 
causes — and thus it helped men to understand that 
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they were dealing with a state rather than with a 
sotetance. We shall see later how each little inven- 
tion based on a new discovery brought about a change 
in the understanding of electricity, that is, in its theory 




CHAPTER TX 

THE KLKCTltO MAGNET, THE MOTOR, A2iD 
INDUCTION 

It will tie noticed that nearly all the eminent work- 
ert in the now Rcionoe of electricity were " professors," 
being coniioctod uitiier with Bome university or similar 
learned inHtitutiou. This is the case wiih Galvani, 
Volta, Gray, Diivy, Faratlay, Arago, Ani|)«5re, Diifay, 
andothurH. While this may be in suine liegreo duo to 
the fact that these men had access to laboratories, li- 
bniries, and the records of other men's discoveries, 
yet there is another reason for their success. The 
science of electricity, as soon as it began to develop 
at all, was clearly understood only by men who could 
reason about things theoretically — that is, by using 
mental images, and by iipplyinggeneral laws mentally. 
This is the matheinnticiil faculty, — another form of the 
constructive imagination already spoken of, — and 
these professors were men accustomed to that difficult 
kind of reasoning. 

Electric actii>n in or along a conductor cannot be 
soon, but must bo followed mentally if practical inven- 
tions are to be made. Tho inventor has in mind a no- 
tion of the whole process, and then arranges real things 
to carry it out ; or he notes an action that does not 
agree with his notion, and then makes guesses at the 
cause, and tries experiments until he has found the 
reason — new or old. 
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Tlie next great step forward after the iarention of 
the electric motor waa the invention of the electro- 
magnet. This is due to two men at about the same 
time — Sturgeon of England and Henry of America. 
Arago had magnetized steel bars by pUL.ttr, - them in- 
side glass tubes about which a spiral of ivire conducted 
electricity. In 1S25, Willi-Ti SLurgeon, "-ho bt-^ai 
life asa shoemaker's appreniioo, and, after u trliurt time 
as a private soldier, became an investigator of electro- 
magnetism, made the discovery that soft iron when 
put inside the coil of wire instead of the steel bar was 
magnetic only while the current passed, losing its mag- 
letisin when the electricity is cut off. lie also noted 




that the introduction of the soft iron core greatly 
helped the magnetic effect of the coiled wire and cur- 
rent. Since the iron core could not be called a mag- 
net, not being |)ermanently magnetized, Sturgeon 
called the whole combination an " Electro-Magnet." 
He also used the horseshoe form for the core. Thus 
Stargeon had advanced upon Ampt>re's use of a steel 
core, by using a soft iron core in the coil. 
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Professor Joseph Henry completed the invention, 
and increased its value immeasurably by remembering 
the Schweigger multiplier idea, Schweigger used the 
multiple coils to strengthen the action of the current 
upon the deflection of a needle. Henry applied the 
multiple coils to strengthening the action of the cnr^ 
rent upon the soft iron core of Sturgeon. Beginning 
with the idea of studying medicine, Henry did oc- 
casional writing on scientific subjects and ivas ap- 
pointed engineer to survey a road from the Hudson 
River to Lake Erie. This turned his attention to 
science, and he became in 1S26 a professor of mathe- 
matics and physics in the Albany Academy, and the 
next year read his first paper on the "Electro Mag- 
netic Apparatus." Uisgreat improvements were the 
use of insulated (silk-wound) wire for the coils, the use 
of multiple coils, and also— an invention based on 
his own discoveries — the use of a single wire wound 
spool-fashion when using batteries in series, and the 
use of a number of separate wires, each wound around 
the magnet, when the batteries were connected in mul- 
tiple. The numerous coils were found to conduct the 
latter form of current more efficiently. 

Henry's electro-magnets formed on these principles 
were enormously powerful for his time — one in 1830, 
lifting 750 pounds ; one in the following year 2,300, 
and. in 1834, one lifted 3,500 pounds. 

But before proceeding with the account of Henry's 
researches, there are still some important steps to be 
noted in the years from 1825 to 1830. In 1826, there 
was an improvement upon Faraday's motor in the ap- 
paratus of Peter Barlow, a professor in the Woolwich 
Academy of England. Barlow's invention as pictured , 
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sboffs a Sut board on which lies a permanent horse- 
shoe magnet. Between its {>oles is a lillle trough of 
mercury, into which dips a slar-sliaped wheel sus- 
pended on an axis, supported from a frame. Elec- 
tricity is conducted along the support to the wheel, 
through the mercury and back to the battery, causing 





I 
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the wheel to revolve. This form of motor was again 
changed by Sturgeon, who used a circular smooth 
edged copper wheel, and instead of the mercury used 
the contact of the conducting wires — one at the axis, 
the other on the edge. This was not satisfactory, the 
fMnlacts being not always good. Both these little 
motors were only connecting links to better forms. 

In 1827 there was announced by Dr. George Ohm, 
a German professor of mathematics, born in 17S1, a 
most useful law for calculating the amount of elec- 
tricity acting through a circuit in a given time. The 
law was based upon the researches of others, but has 
proved so useful that its discoverer is entitled to the 
fame he has acquired by having the unit of electrical 
resistance named the "ohm." It measures the dilii- 
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Anoiher very important event of the year was the 
exLibition, by Prafessor I. F. Dana, of Coiumbia Col- 
I«^ of Henry's electro-magnet in a course of lectures 
on physics. Among Dana's audience was the artist 
Samael F. B. Morse, who thus first saw in operation 
thederice that was to make possible the telegraph in- 
alrumenls be afterward perfected. But Uenry him- 
self saw something of the possibilities of the electro- 
magnet as a means of transmitting power to a distance. 
In 1828. the very next year, he suggested that by 
means of an insulated wire an electric current could be 
made to operate his great electro- magnets as far as 
sufficient current could be carried, but the develop- 
ment of this idea was postjMued until after the tele- 
grapli had reached a slate of practicality. And this 
orderof development was natural, since the conveying 
of intelligence was then even more desirable than to 
Wrry either power or material things. 

In 1829, Becquerel made a new voltaic battery in 
which be used two fluids instead of one. lie was a 
Ffeneh physicist, born in 1783, an officer of Engineers 
»bo became a member of the Academy of Sciences. 
Bis double fluid cell was made by letting each ele- 
ment of the battery dip into a separate fluid, instead 
"f both into one. The principle was perfected by an 
English electrician, Danieli, in 1836, and Becquerel is 
iere mentioned only because he was, contrary to what 
k often stated, the first to suggest the use of the sec- 
ond chemical to absorb the gases liberated by the or- 
dioary cells of zinc and carbon, though Daniell's cell 
Was the first to make the suggestion practicaL^ 
In 1830 there was an attempt to conaji^t an elec- 
) motor on a new principle. Anidpian, the Abb6 
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Vtbe opposite direction set up, is not good mechanics, 

1 so these swinging motors were not developed af- 

' the rotary motors were devised. 

Iln 1831 Faraday, whom Tyndall called " the great- 

t experimental philosopher the world haseverseen," 

hde a discovery of supreme importance. Oersted 

1 shown how electricity might be made to produce 

^etism, and as a consequence the development ot 

B motor began ; for the voltaic cell gave electric ac- 

, the electricity set up magnetism, and magnetism 

ide and unmade could be changed into mechanical 

trk. 

f Bat Faraday was to show how magnetism could be 
Changed into or made to give the electric current 
I '^hen a magnet was acted upon by mechanical motion. 
That is, ho was to make it possible to convert motion 
-^whether natural or artificial — into an electric cur- 
pent. This done, waterfalls, wind, steam power, ani- 
I mal power, or human power could be turned, as one 
May say, into electricity. Professor Houston says, 
"Faraday's discovery should indeed be ranked in im- 
fportance before the discovery of Oersted were it not 
dependent on Oersted's," 

Faraday, like others, believed in the possibility of 
getting electricity from magnetism long before it was 
practice. His earliest experiments were 
Bade with active currents, and no matter how 
fctrong these were, he failed to find indications of the 
induced currents he was seeking. But after many ex- 
teriments he noted that whenever a circuit was made 
' broken, there was a slight movement of the galva- 
lometer needle — that is a slight induced current was 
lent in the circuit placed within the inHuence of 
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tbe active circuit. Tbis slight induced current ceased 
as 8CK)n as the other current was at full strength or 
had entirely ceased. Observation showing him that 
this induced current was oj)jio«ite to that of tbe in- 
creaeing active current, and in the same direction with 
tbe dfcreaaing current. It is during this investigation 
that Faraday wrote to a friend that "he thought be 
had a good thing," but that it might be " a weed in- 
stead of a fish." Next Faraday sought a means of 
causing the current to increase or decrease continu- 
ally, lie caused a coil of insulated wire to approach 
to and then to recede from an active current, atu 




found this was equivalent to shutting off or turningon 
the current. An induced current was thus produced 
in the insulated coil. The next step was to use a mag- 
net in place of the active current, and this also pro- 
duced the induced current. 

The problem was solved, and it remained only to 
devise the best practical means for causing the con- 
tinual production of the induced currents. But Fara- 
day was usually content to leave minor invention to 
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others, knowing that bis best work was done by look- 
ing for new facts and new laws. 

Tbos bad Faraday established tlie principles of 
" voltaic-electric induction," and " magneto-electric in- 
duction, ** as he called the action, according to whether 
the current was induced by a buttery or by a magnet. 
Thus be virtually founded modern electrical in- 
dustries. 

Once the principle was understood it was not diffi- 
cult for so able an experimenter to secure the desired 
results in a number of ways. By using a large spool 
of insulated wire, hollow at the middle, and placing 
within this another spool in which was an active cur- 
rent from a battery, the induced currents were set up 
in the first coil whenever the second was inserted or 
withdrawn. Or, by leaving the small coil within the 
larger, and connecting or disconnecting the battery, 
the currents were induced — the inverse (opposite) when 
connection was made, and the direct (same direction) 
when it was broken. 

With induced currents Faraday was able to perform 
the same experiments (with one exception) as with 
others however produced, thus proving their identity. 
The exception was the chcmiral effects ; but at a later 
time he found that very rapid making or breaking 
was necessary to produce these; and the identity of 
tbe induced currents with those coming from ma- 
^cbines, batteries, thermopiles, and any source was es- 

iblisbed. 

Now that the principle is known, it is easy for any 
one to show the induced currents. For example, if a 
jpiece of insulated wire be coiled, and its two ends at- 

ihed to a bit of iron, approaching or withdrawing a 
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magnet to the iron will move a compass needle witliia., 
the coils. 

From this discovery it was not a diflicult matter to J 
construct a little uacbine for producliig electricitll 
from a permanent or electro-magnet — that is to mal^ 
tlie first dynamo. Faraday hung a copper disk ■ 
wheel ujKtn an axle, and attached a crank for turnid 
it, so as to make it revolve between the poles ofl 
horseshoe magnet. Against the axle, and against t 
edge of the disk rested flat bits of copper, or brush* 
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Ever Built 



to each of which was attached the end of the condaol 
ing wire. Turning the disk, an electric current v 
set up in the wire— as a galvanometer showed by bhi 
deflection of its needle. The baby dynamo was bori 
and soon begun a growth that we cannot yet witho 
tainty limit. 

As to the explanation of its action, there arfl 
theories, but they are not 3'et certainly 8stablished.i 
To state them is only to give the law, not the reason 1 
of the dynamo's action. Iq general it may be said i 
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that by tlie experiiueot of strewing iron-filings near an 
electric current or aa electro or permanent magnet, we 
Had tbem arranging themselves in certain lines that 
have been called "lines of force." These lines are 
taken to indicate the situation in space of the electric 
anil magnetic action, and they show the electric action 
to be in circular form about electric conductors and 
about magnets. 
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JP How when these lines of force are interrupted by a 
oondactor, electric currents are set up in the conduc- 
tor or around its surfaces. Consequently, when in 
Faraday's little disk dynamo the disk is turned be- 
tween the magnet- poles, the lines of force between the 
poles are cut quickly near its edge, more slowly nearer 
iu centre, and the conductor is electrified, a current 
is set up from edge to axis— and from it the conduct- 
ing wires make a path for the current produced. 

As to the production of the induced current. Pro- 
fessor Houston explains it by saying that as the live cur- 
rent iucreaiies, the lines of force increase in number, 
and extend outward around the conductor, thus being 
interrnpted by the other conductor ; while the "■•— ont 
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We have already said a won! or two about Siim- 
mering's multi-wire telegraph and there wore a num- 
ber of investigators and inventors besides, who had 
before this time made some steps toward an eteolrio 
telegraph. These may be briefly noted in passing, but 
need not be fully described since their cruder methods 
were superseded by a better use of the same principles, 
or the use of new principles. The first idea was that 
of "sympathetic needles" that would move alike 
though at a distance from each other; but these, 
though s|)oken of, were not possible before the discov- 
ery of the action of the electric current on the mag- 
netic needle- In the eighteenth century the multi- 
wire system was thought of, and was possible. An in- 
teresting fact is the publication in the Scots Magazine 
of Edinburgh, in 1753 of an anonymous letter describ- 
ing fully the means of telegraphing through a set of 
twenty-six wires by causing each to attract a letter of 
the alphabet. The signature to this proposal was only 
the initials C. M., and many useless guesses have been 
wasted on the problem of discovering the author ; and 
in ISOy came Sommering's bubble telegraph. In 1820, 
Oersted's discovery made telegraphy possible, and as 
Professor Owen said, "Nothing might seem less 
promising of profit than Oersted's painfully pursued 
utperiments with his tittle magnets, voltaic pile, and 
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bits of copper wire. Yet out of these has sprung tha 
electric telegraph." But neither Oersted nor AmpOre 
ever seem to have made a telegraph line. Then came 
the Sturgeon magnet, anil its improvement by Henry, 
and its application by Henry in 1831 to the giving of 
a signal at a distance. He arranged a bell so that it 
was struck by a rod, moved by an electro-magnet, and 
as 19 remarked in Byrn's, "Progress of Invention in 
the Nineteenth Centurj'," " this may be considered the 
pioneer step of the telegraph." But credit should also 
be given for another discovery that helped to make 
telegraph lines practicable. This was the observation 
made by Weber, the German electrician, in 1823, that 
a bare copper wire carried through the air in Got- 
tingen from iiis house to his laboratory, needed no in- 
sulation beyond being kept clear. Without this help, 
the establishing of long circuits would have been most 
expensive and troublesome. 

We have already seen that Morse bad heard from 
Professor Dana's lips the properties of Henry's mag- 
net. In 1S29 he had gone to Europe, and on the home 
voyage in 1833 began to consider the question of the 
electric telegraph. 

But before entering upon this question, it will be 
well to say something of Morse's earlier life. Born in 
17i*l in Charlestown, Massachusetts, he entered Yale 
in 1805, and here received the instruction of Professors 
Day and Silliman in science. In 1811 Morse began 
the study of art under Washington Allston, with 
whom he wentabroad, returning in 1S15. From 1825 
to 1815 he was president of the National Academy of 
Design. A second visit to Europe was made in 1829, 
and upon the ship Sully, he was informed by Dr. 
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Jackson, of Boston, of Faraday's experiments ; and 
soon after, in a discussion with fellow passengers he 
set forth the general principles of the necessary ap- 
paratus for a telegraphic line, and showed sketches of 
itlo liis companions and to the captain of the ship. 

ilorse's invention at the time of his landing, was 
comprised only in his sketches, showing an electric 
circuit, a system of "dots or points, and spaces to 
represent numerals," and two ways of causing the 
electricity to mark these on a ribbon of paper — one by 
chemical action, the other bj' moving a lever carrying 




The Peltieb Cross 

A— ADtimany. B— BIsiouih. 

a pen or pencil. He also thought of moving the rib- 
bon regularly by clockwork, and of burying the con- 
ducting line in tubes. Soon after landing in Novem- 
ber, 1832, he planned and sketched the idea of carry- 
ing the line on posts. But his earliest model was not 
made until lS3d. 

Meanwhile in 1834, in observations upon the 
Ihermopile, it was discovered by an investigator named 
Peltier, a retired French watchmaker, that if a current 
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were sent through the two joinej metals in one direo-" 
tion, the junction was healed ; but that when the cur- 
rent was sent in the reverse direction, the junction 
wascooled. It will be seen that this bears a similarity 
to the changing of electricity to magnetism and mag- 
neliiim to electricity, in that change of temperature of 
the junction of the thermopile, produces electric 
action, and electric action produces change of temper- 
ature. 

Another experimenter, Lenz, succeeded in causing 
this "Peltier effect "to freeze water, and lower the 
temperature of its ice to twenty-four degrees Fahren- 
heit, or eight degrees lelow freezing-point. 

Between 1S31 and 1834, Faraday had drawn from 
his experiments the general laws governing induced 
currents. "Nothing," says the article in the 
Britannica, on "Electricity" (speaking of this law), 
"in the whole history of science is more remarkable 
than the unerring sagacity which enabled Faraday to 
disentangle by purely experimental means the laws of 
such a complicated phenomenon as the induction of 
electric currents." The general statement of the law 
is given in the same article as follows ; " Whenever 
the number of lines of force passing through a closed 
ciicuit is altered, there is an electro-motive force, tend- 
ing to drive a current through the circuit, whose 
direction is such that it would itself produce lines of 
force passing through the circuit in the opposite direc- 
tion." Perhaps this can be more readily under- 
stood if we resort to the usual comparison of 
the electric current to a current of flowing 
water. Let us suppose a flexible tube inside which 
flows a current of water in a spiral course — thus 
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niaking it resemble in the lines of force the elec- 
tric curront. Now if we bend this tube into a 
circle, and then contruut the circle to asnmllurone, 
'iiare iviii be a tendency to inclose more spiral lines of 
furue into a smaller space, and there will be an in- 
crease of the current rate in the same direction. Then 
I'ffeoijen out the circle, there will be fewer spiral 
lines <jf force inclosed, and it is as if the current rate 
ilecreased, or there was a reverse flow of the cur- 



It is not meant that this is a true representation of 
fliat occurs, but only a sort of mental picture helping 
a« to remember the Faraday law. Lenz, the French 
wperimenter before mentioned, added another expres- 
sion of the law of induced currents, declaring that " In 
ai! oases of electro-roagneUc induction, the induced 
CDrrents have such a direction that their reaction 
taniis to stop the motion that produces them." 

Alter reading these laws, the non-expert reader will 

fwlize that we have been hastily going over a very 

great development in passing from the rubbed-amber 

Wraclion recorded by Thalea to the general law of 

iiiluction worked out by Professor Faraday. And 

.Mt the progress has been by successive steps, in 

"bicli each pioneer hewed out a little clear space 

Uirough the jungle of ignorance, and made thereby a 

mad for his successors to extend still further. So 

lerai is the progress in tbeso fruitful years that we 

compelled to save space by making only the 

briefest reference to certain improvements in order 

that we may be able to dwell more at length upon the 

most important, remembering that many workers, all 

ir the civilized world were busy in carrying forward 
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each form of electric apparatus, or in making oM 
inquiries Into the laws of electric action. 

The motor, for example, when we next take it q 
has assumed a rather complicated form, Sturgc 
smooth wheel developed from Barlow's spur-wheel, hi 
been superseded by the rotary-motor of AToritz Jaoolu 
a multiplication of electro-magnets. Jacobi was f 
German who went to St. Petereburg in 1837, andh 
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came a member of tbo Academy of Sciences, and later, 
councilorof state. He set up two wooden sta^shaped 
frames each supporting twelve electro horseshoe mag- 
nets turned with poles inward (A, 15). Between these 
wheel-shaped frames a turning wheel (R) carried 
straight electro-magnets, so that their poles were 
brought opposite those on the outer frames as the wheel 
turned. But, in turning, the poles of the inner magnets 
were changed as they came opposite the outer ones. 
This was done by commutators, disks (A) set on an axis, 
and so connected as to bring the electric current at one 
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the turn to one magnet, and then to another. 

lo inner magnets were tirst iittractiid, and then 
flange of polarity, repelltid by ihe outer mag- 
The result was to keep the inner wheel spin- 

At the end of its axis was a gear-wheel {r) to 
machinery could be attached (/'). 
rovement in the dynamo also had been made. 
R French inventor, revolved a large permanent 

loe magnet vertically beneath a fixed elecLro- 

; — thus inducing 

ting currents in 
as the turning 
was brought 

ind then moved 
A commutator 
axis distributed 

iro currents to 

ted wires, thus 

[ each contin- 

It wilt be well 
a woi-d of ex- 
ion about the 
itator principle, 
used in all 
of the kind. By 
g on the turning 

disk divided by 
ling divisions into i-o.= v."n.n.u..ui.r« j 

Dtconductingportions, these portions can be made 
I against conducting springs at different times, 
lupposean axis to end in a branched form like an 
ed letter j^. We could arrange two springs so as 
ii different branches of the ^ at dtffefQQt \,mei&. 
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Then when a positive current was passing it won "9- 
go to one spring so long as it was in contact. As tfc^ 
Hxia turned further, this positive spring would lea^ g"^ 
its branch, anil the other branch would toach tL^^^ 
negative spring while the negative current was pa^c— ^ 
ing. Then if conducting wires ran from each sprli^>- . 
and were connected into a circuit, the current wouV — = 
always be sent in the same direction, since each eit- 
of the wire would be in contact with the axis on! _„ 
while its own kind or direction of current was coniin^^ 




A split ring on an axis might be so arranged as to afl 
in the same way, or two studs projecting — or a dozen 
other devices. This is the " changer " of currents, or 
commutator — a very essential and ingenious device, 
said to have been suggested by Amp6re, adopted by 
Pixii, and impi-oved by Sturgeon. 




FIBST BUSINEaS USES 



Cat to retnrn to the motor. An impro^'ement 
»tt Pixii'a machine was devisett by Joseph SaxLon, an 
American inventor who rotated the electromagnet 
iDstciid of the heavier permanent magnet, putting the 
latter horizontally ; and bis device was bettered by 
Clarke, who. leaving the permanent magnet vertical, 
^evolved the electromagnet in front of tbe side of the 
poles on an axis going between them — which made the 
"•adiine compact. He also wound the two poles of the 
"'eciro-magnet oppositely, thus delivering an alternat- 
"'g current that the commutator made continuous or 
'*f t alternating at will. This machine gave currents 
"f more force than could be given by any single kind 
"^^ baltt'ries. The principle of Clarke's machine was 
^tae years later aiiplied to electric lighting, as will 
I "* seen, 

AVithin a year or two after this improvement of 

B^oiora began, a Vermont blacksmith, named Thomas 

^Uven|X)ri, invented a motor upon the excellent prin- 

^l>le of revolving electromagnets in the form of a 

P^itsa within the circumference of two permanent mag- 

1 lets, each bent in a half circle and set in a ring form. 

f Tliis motor was so successful tliat it was used to 

^[Hirate a small circular railway at Springfield, Massa- 

I oliusetts, in 1835, and a few years later to run a print- 

» press whereon was printed a little paper called the 

wEUvtro-MafjneL Another American motor, invented 

Iby Ititchie, rotated tbe armature on an axis set within 

3 U of the permanent magnet, as if a heavy-topped 

T were set into the U. But there is no need to go 

into all the modifications of these motors. All sorts 

of combinations were made, and gradually the better 

^E'pnes were retained and improved while the others 
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were abandoned. It is better to give some attention 
to the attempts to make these motors useful. Jacobi's 
motor was considered promising enongU by the Em- 
peror of Russia to induce him to spare the money' 
for the construction of an electric boat, to be run bjr 
a bigger form of the motor. The boat yras built and 
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fitted with paddle wheels driven by the motor. It car- 
ried ten or twelve persons, and at times it ran for a 
whole day without accident. But at other times 
Jacobi was less lucky, and break-downs occurred that 
were ditHcult to repair. However, the electric boat 
went three or four miles an hour, and developed a fair 
amount of power from the battery of sixty-four cells. 
On land, it will be remembered that Davenport had 
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already run his locomotive, driven also by voltaic bat- 
teries actuating his form of motor; and thus tliere 
iicre before ISiO distinct beginnings of electric luco- 
iMion on land and sea, but tbe cost of even the 
"^lieajteat batteries was so great that the machines re- 
iiiiiined no more than the experimental triumphs con- 
Wrning which the skeptical might ask cui bono? — 
"Wliat is tiie use ? " — not always receiving so clever a 
fepiy as Franklin gave to a similar objection when be 
I 'el'eil in return : " What is tbe U8e of a baby ? " 

And truly these electric " babies" were being born 
^t !i rate that almost defies even a census of them 
*'tliin any fair space. The science was developing 
specialties, and each of these was being pursued 
"y an industrious group of workers; while at the same 
I'me those whose breadth of view enabled them to 
'aiie io the whole field or a large part of it, were an- 
I'tiincing the laws that made tbe work of specialists 
•directed by right principles, and truly scientific. Far- 
Hiy, whose work was invariably productive, liiul 
t^n experimenting with the electrical decomposition 
tif ciiumicals by means of the apparatus now known 
*s the "voltameter," Beginning in 1S31, lie made 
elaborate investigations that continued for nine or ten 
.Tears and resulted in the discovery and declaration of 
[lie laws governing "electrolysis" — laws that have 
stood the test of time, but the reasons for which are 
not yet completely understood. 

As these laws are fundamental, and aid us in un- 
derstanding the progress of tbe science, they may he 
given here, although they may not be entirely undor- 
slood in all their applications, until later inventions 
have been considered. 
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The general laws were anuounced in 1833, and af^s 
as follows : FirsL at all points of a circuit,' tbe amouD- '^ 
of chemical action is equal. Second, tbe amount of a V 
"ion " liberated at an tleHrode in a given tiino is [iro- 
portional to the strength of tbe curreut. Third, th*' 
amount of an ion liberated at an electrode in onesed- 
ond is equiil to tbe strength of the current multiplier 
by the " elei-tro diemieal equivalent " of the ion. 

Tbe italicized words must be e.\|>luined, and somus*' 
the action of a voltameter, and the reason for tl'^ 
name. First, a voltameter includes a means for pasS' 
ing an electric current through a conducting liqui<'» 
and for collecting the resulting products. It ihu^ 
measures the strength of an electric current by meas- 
uring the amount oF chemical decomposition it pro- 
duces. The current from a battery is conducted by ft 
wire into the liquid, and leaves by another which com- 
pletes the circuit. Then tbe end of each wire is led 
into a glass lest tube, or similar receptacle, inverted 
over it. By the use of such an apparatus, as has been 
said, Carlisle and Nicholson in 1800 decomposed water 
into hydrogen and oxygen. Later it was found that 
other liquids — such as dilute acids and solutions of 
salts of metals, could be likewise separated into their 
elements, and in every case the same elements always 
were liberated at the same pole, Farailay proposed 
names for the process and its results. Electro! ynis is 
the process. The liquid is the eWtrolyte, and the 
wires electrodes. The endings are all Greek — meaning 
as follows: lysis, separation; lyte, thing, separated ; 

' Proffssnr Houston aiiRK^^ 'I"*' t''^"''^'''''''^''* '*" ""•y^'or urtiw 
circuit, since t!ie Inw as atat«d does not strictly hold tor b multiplo- 
series or Berics-multiple oinmit. 
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"*», paths. Then to distinguish the two poles, he 
wiled the positive, the anode, or to-paih ; the nega- 
I 'i^e, the l-athode, or from-path. 

to Tlien, in order to explain the action, varioas 
H tbeoriea had beea made as to how the elements 
H rai«J— a matter in dispute; but generally speaking it 
H ■ *as tbougbt that the atoms of one kind were set free 
H Bidfe or less from their chemical bonds to tlie other 
r '''"Ji uud wandered about. Faraday called these sepa- 
' "ilal atoms, iwtii, meaning the go-era or wanderers. 
TlieQ to distinguish them by their goals, he named 

^Hielu "anions " and " kathiona." 
This will explain bia laws as meaning that the ac- 
tioD of the current ia the aame all through its course ; 
tbat multiplying the current multiplies the action 
to the same extent; and that the io/2« liberated are 
always in proportion to their "chemical-electro-etjuiv- 
aieiit" — which signifies lis jixed replacing power in 
combination with other elements. This is determined, 
and given in tables for use. 

kWhen it was known that the result of electrolysis 
■ a given time, in a given solution with a given cur- 
it was always the same, it became possible to 
meoHure currents as compared to one another. A 
current of twice the strength— or voltage — would do 
twice the decomposing in the same time, and this 

Puld be measured by weight. Hence the name " volt- 
meter" or volt-measurer, for the apparatus. 
This vi&s another great stop toward making the 
science of electricity an exact science, instead of guess- 
work. When in chemistry it was discovered that the 
elements always combined in definite proportions, the 
ience of chemistry was born anew ; and Frolesaot 
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Tyndall declared that Farsulay's discovery of tb&J 
laws of deHnite electro-chemical decomposition was < 
equal impurtance. And ne shall soou see how th 
discovery was followed by an improvement in voltaic 
batteries — to speak only of one immediate resni I 
Electro-plating, too, was at once put upon a scientifi 
basis, together with the art of electrotyping — and Ibi 
importance of these applications has been growing 
ever siace. 



CHAPTER XI 

THE TELEGRAPH IN EARLY FORMS 

The year 1S35 saw, besides Daveuporl's loconio- 
'"p, tlie establish me nt by Morse of the first experimen- 
^ l«legraph line. In that year the University of Xeiv 
'"fk made Morse a professor, and he built a rudo 
"cdel of the telegraph in his apartments in the Uni- 
'Efsity Building. But, owing to the woakeningof the 
'"frent by the resistance of a long circuit, the work- 
"ig of the model was not satisfactory for any length 
<•' time. The batteries soon became weaker, also, by 
ffiasoD of the electrolytic action upon the copper plate 
which, decomposing the acid of the battery, sent ions 
"i bydrogen to the positive copper, and these cling- 
"tg to its surface prevented to some extent the actioii 
"ftiieacitl, and acted on the acid solution itself. Tlicsu 
^ifflcoltiea were both somewhat remedied by inven- 
^ona of the year 1836, one made by Morse himself, 



I other by Professor Daniell of London. Morse's 
InVentinn was the telegraphic relay — a means for 
strengthening the weakened current in the course of 
Ihe circuit. DanielPs invention was a !>etter battery, 
ithat removed the trouble caused by electrolysis. 
113 
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The relay was thought out to answer the objection 
that his line would soon reach its limit of distance. 
Morse answered, " If I can succeed in working a mag- 
net ten miles [aivav] I can go around the globe." 
But he knew an additional device was necessary to 
strengthen the original current, and between 1S35 and 
1837 he worked out the *' relay." lie reasoned that 
even much weakened, the current might have power 
enough to close another circuit. lie therefore put a 
second battery at the end of the first circuit, and used 
the power of the first circuit to turn a little lever that 
dipi)ed a bent wire into two cups of mercury, thus 
closing the circuit of the second battery. This could 
then send power on close a third circuit and so on. 

The principle may be compared to a set of reser- 
voirs at a distance from one another, and so arranged 
that the flow from the first will All a long pipe at the 
end of which it raises a float that turns on a second 
reservoir, and so on. 

Of course the batteries couUi be opened or closed by 
sending impulses along the first circuit, if a spring is so 
arranged as to open each following circuit when the 
impulse is stopped. 

Such was the means of supplying new current to a 
long line. As to the Daniell battery, this was a 
means of remedying not only the gradual weakening 
of the voltaic battery, but also of correcting its tend- 
ency to weaken, thus keeping the current at a nearly 
constant state. 

Daniel! was the son of an English lawyer, and after 
a classical education was so strongly attrEicted to 
natural science that he entered a sugar refinery, and 
made improvements in its processes. At the age of 
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tTenty-six, he started a scientific journal that was eon- 
ducteJ successfully fur many years. He made many 
stuilies in meteorology — the science of the weather — 
onij published able articles on tlie subject, and when he 
was forty-one became Professor of Chemistry in the 
new King's College, London. 

His babtery was based upon the principle of sur- 
ronnding the copper element with a solution of blue- 
stone or copper-sulphate. This, 
u|K>n the coming of the hydrogen, 
decomposes, and the resulting 
chemical combinations with the 
hydrogen make two new sub- 
stances. One is metallic copper, 
and this is deposited on the copper 
element, renewing its surface. 
The other is sulphuric acid which 
strengthens the acid solution in 
the battery. 

This was a most ingenious 
method of converting a weakness 
ito a source of strength ; and the practical method 
'Bf making up the cell ivas quite as remarkable. 
The cell was a glass jar, containing dilute sulphuric 
acid. A sheet of zinc was coiled into an almost closed 
cylinder, which stood in the sulphuric acid solution. 
Inside the zinc cylinder was a porous earthenware 
cup, filled with copper-sulphate solution ; and standing 
in this was a similar nearly closed cylinder of copper. 
Then a porous basket of copper was put into the cylin- 
der of copper, dipping into the copper-sulphate solu- 
tion inside, and containing crystals of copper-sulphate. 
Suppose a circuit to connect the copper and zinc 
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cylinders. The current then passes through the s 
lions, the zinc being acted on to form sulphate of zinr"^ 
and to liborate hydrogen. The hydrogen pasats**^ 
through iLe porous jar, meets the copper sulphate, anc^ 
combines with the sulphur, freeing the copper. Th^^ 
copper is deposited on the copper-plate, while th^^ 
sulphur and liydrogen couibiae into sulphuric acid,^ 
strengthening the solution. As the copper-sulphate 
gives up its copper it is renewed by the copper-sulphate 
crystals in the basket. If there is a steady supply of 
the copper-sulphate and the zinc, the battery will keep 
up practically a constant current, for the copper sur- 
face is continually renewed. In brief form it may be 
said that the Daniell battery changes its waste prod- 
ucts into the useful forms of copper and sulphuric 
acid. 

As it is the current that determines what wa a 
call the " circulation " of the chemicals in the batteryj^ 
Paniell eel! should be kept in use to prevent a general 
mixing. But with slight attention the Daniell battery 
proved most effective, and particularly valuable to the 
infant science of telegraphy ; and though we shall see 
that it had practical objections, these were relieved 
to some extent by improvements upon the original 
form at a later date. 

The effect of the invention of a constant current 
cell was at once seen in a rush of improvements in 
telegraphy. Besides Morse, Sleinheil of Munich, and 
Wbeatstone and Cooke, in England, were early in the 
with practical systems for sending intelligence. 
In 1837, Morse was able so far to complete and perfect 
details that he showed his apparatus to the professor 
of chemistry in the university, Leonard D. tiale, whOH 
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I » fally appreciated its worth that he eagerly lent his 

I nloable assistance ; and oa September 2 an exhibition 

[ dF the apparatus was made before a. number of spcclo- 

'cra, Among these were an Oxford professor, and a 

joang graduate of the University of New York, named 

Alfred Vail. 

i 1,700- foot circuit of copper wire along the walls 
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f a big room was the line, and Morse was able to 
make and record alphabetsignals instantaneously by 
means of his apparatus. This, though a crude enough 
contrivance compared to its followers, contained the 

me right principles that are still in use throughout the 



L 



118 THE TELEGBAPH IN EARLY FORMS 

United States, and most of the telegraph lines of the 
world. There were a sending and a receiving device, 
both connecled in one circuit to which one voltaic 
battery supplied a current. The receiver was a square 
upright wooden frame, on which hung an A-sbaped 
pendulum, to the lower end of which was attached a 
eighted pencil. Beneath this, touching the pencil, 
ran a paper-ribbon moved by clockwork. So long as 
the pendulum was still, the moving of the paper-ribbon 
caused a straight line to be drawn upon it. In front 
of tbe pendulum was an electro-magnet around whose 
coiU the current passed. When the current passed, 
the magnet pulled the pendulum aside, and caused the 
pencil to make a V-niark in the line. Shutting off the 
current let a weight bring the pendulum to its first 
position. Thus every time tbe current was turned on 
a V was made in the line, at longer or shorter inter- 
vals. Such was the recording instrument. 

Also in the same circuit was the sending instru- 
ment. This was a seesaw lever at one end of which 
a forked wire was held so that the ends completed a 
circuit when dipped into two cups of mercury, each 
of which was in connection with an end of the circuit. 
On pressing down the lever the wire connected the 
two cups, making a circuit. 

The other end of the lever was weighted so as to 
break the circuit when the lever was released. On 
the under side of the same end was a point so fixed as 
to be raised and lowered hva Viand bearing projections 
on tbe upper surface. Morse had made lead types 
having such projections ; and by setting these types in 
a groove, and by pushing them under the lever it was 
raised and lowered, making and breaking the circuit 
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according to the projections on the types. A type of 
one projection would make a V-marlc on the recorder 
ribbon, one of two projections would make a V V-raark. 

Tbas the recorder could at will be made tu mark a 
liae, points, or spaces ; and by a combination of these, 
Morse had designed numerals should be telegraphed. 

A reason for the great value of this invention is the 
few elements that made it up, the simplicity of its ac- 
tion, and the permanent form of the record. It was 
telegraphy reduced to the lowest terms, and conse- 
quently could hardly be improved upon in principle. 

The young graduate, Alfred Vail, was so strongly 
impressed with the great value of the invention, and 
with its possibilities, that he soon interested his father 
— a prominent iron-worker, who had made the shaft 
for the Savannah, the first transatlantic steam vessel. 
The elder Vail was told by Morse that the United 
States Government had issued through the Secretary 
of the Treasury a circular of inquiry on the question 
of establishing a system of telegraphy in the country, 
and be agreed to furnish the capital for making mod- 
els, securing patents and showing the invention to 
Congress. Judge Vail, the father, had already been 
interested in the first American railways, and though 
it was a time of panic, he agreed to lend the necessary 
$9,000 on behalf of his son in return for an interest in 
the enterprise. Alfred Vail was to make and show 
the Morse apparatus, and to receive a one-quarter in- 
terest. 

While Vail and an assistant constructed an appa- 
ratus in New Jersey, Morse prepared a description of 
his invention and Sled a caveat at Washington to pro- 
Kt his invention. In this document it appears that 
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he bad ia mind tbe sending of numbers that were to 
be read by means of a dictionary of woitls represented 
by numbers. Tbis plan seems to have been improved 
by Tail, wbq made the recorder lift and drop the pen- 
cil instead of pulling it aside, and who substituted dots 
and dashes for the V's, and indicated letters of the 
alphabet instead of nnmbers meaning words. 

Also in tbis busy year occurred the improvementa 
made by Steinheil in the original telegraph of Gausa 
and Weber. They had used, for a sender, in their line 
of oneand a quarter miles, Faraday's principle of induc- 
ing a current by putting a magnet into a coil of wire ; 
but they raised and lowered a coil that rested around 
a big bar magnet set upright. Their receiving appa- 
ratus was a heavy magnetic bar bung by a corti, and 
swinging horizontally in a square-coiled wire connected 
to the circuit. The needle or bar swung right or left 
when the sendingcoil was raised or lowered. This 
movement turned a little mirror placed on the cord 
and reflected a spot of light to and fro along a scale. 
The mirror was placed so as to reflect the scale, and 
by looking through a little spy-glass, the signals could 
be read. It certainly was a heavy, clumsy, mechan- 
ical contrivance, 

Steinheil to whom Gauss and "Weber — who were 
more effective in theory than in practice — had referred 
their telegraph, was able to improve it in every fea- 
ture. He made a stronger rotary sender, and for a 
recorder invented a clever arrangement by which the 
turning of two pivoted magnetic needles made ink dots 
upon a paper ribbon. The priim'ple o( the receiver, 
as will be seen, was not very different from Morse's 
instrument, though less simple. But Steinheil, in try- 
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iDg to make use of the rails of a railway as part of a 
circuit, made a most valuable and helpful discovery 
— namely that instead of a return circuit, the earth 
might be used. Thereafter, instead of a double line, a 
single line with extremities buried in the earth was 
commonly used in telegraphy. This earth connection 
was not wholly new, since it had been used in all the 
telegraph lines that employed frictional electricity; 
but to realize that the earth might be used in complet- 
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by clockwoik fniin < he >p(x>l D. 

ing a battery-circuit was another matter, and ^ 
simplified telegraph construction. 

Suppose a telegraph line to be likened to a closed tube 
full of water flowing from sender to receiver and then 
back again ; then suppose it to be found that the earth 
was full of water that could be admitted at one end of 
the tube and left to flow back into earth again, and 
you will have a good idea of the action of an earth cir- 
cuit. Whatever is the cause of the disturbance k~ 
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as an electric current, it loses itself when brought 
contact with the great earth as ariver is loat in tl»* 
ocean, thus leaving the remaining part of the circart 
free to receive impulses fi-oin without. 

In this year also was patented the telegraph appn-' 
ratug of Wheatstone and Cooke — one based on ih0 
principle of deflecting a needle. Discovered by Oer^ 
sted, this principle hail 
been applied already by 
Gauss and Weber, im- 
proved by Steinbeil, and 
by Schilling in St. Peters- 
burg. Schilling's ap]ta- 
ratus was a smalt key- 
board like that of a piano. 
Each key when pressed 
could deflect a needle at 
a distance — right or left, 
as a positive or negative 
current was sent. Five 
needles thus gave ten 
signs, and these were 
piKcd combined into a code, 
„ ' uwo ^illiani Cooke was 
""■"■^ shown this apparatus at 

Heidelberg, and returning to England was introduced 
by Faraday to Wheatstone, and the two together 
worked out an application of the deflected needles in 
1837, It must not be forgotten that a number of 
other inventors were working on similar lines, and 
that only those who made practical instruments are 
here mentioned. Wheatstone was professor of exper- 
imental philosophy in King's College, London (Di 
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VbU Was in the same faculty), and spent his life in inven- 
lioa and research. Cooke was the more businesslike, 
md ihey worked well together, 
^biiir first apparatus consisted of five needles 
Bpivoled on a vertical board that was diamond shaped. 
r% means of a keyboard any of the needles could be 
' oeflected right or left, and when so deQected the letter 
indicated was found where the needle or needles 
pointed. If two of the needles pointed, the letter Id- 
dicated was at their intersection — that is, where they 
Would meet if sufficiently lengthened. This was the 
tort of apparatus described in their first patent, but 
J[ was later improved though with little change of 
principle. It was altogether far more complicated 
Chan Morse's telegraph, and so much more likely to be 
out of order at times. But even these did not ex- 
haust the list of inventions of 1837 ; for in this year 
1 Vail, Morse's partner, suggested a printing telegraph 
B » a n idea that was afterward perfected in more than 
'ttne form; there were several new motors; and a 
most delicate galvanometer, capable of measuring ex- 
actly the relative strength of two currents was made 
by Pouillet — one that is still in use. Savary discovered 
that the discharge of a Leyden jar was an oscillation, 
instead of a single impulse in one direction; a fact 
subsequently discovered and developed by the Ameri- 
can, Professor Henry. 

In fact, at this busy time the applications of the 
science were so many and so various that it becomes 
impossible to give attention to more than those in- 
volving some new or striking idea. Even the question 
of who invented a particular improvement becomes a 
Ccult matter of the weighing of evidence and the 
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CHAPTER XII 

ELECTRICITY AT WORK 

L A HOST striking and valuable application of elec- 

golysb was made in lS3d. Before that date it was 

otVR that uietals could be deposited on other metals 

prepared surfaces by sending an electric current 

pirougb chemical solutions. This as we said earlier 

; done by Bruguatelli, of Pavia ; and De la Hive a 

frencbman used the process for gilding wire in 1828; 

iserner plated lead castings with copper in 1834, 

liid tv^o years later De la Rue spoke of finding on the 

letallic coating of copper dejiosited in aDaniell'a cell, 

b every scratch of the copper on wbich it is deposited." 

HI these are cited by Professor Houston ; but he says 

' particular use had been made of these proe- 

: till, in 1838, Professor Jacobi (the same who 

the boat motor) saw their possibilities as a 

3 of making metal facsimiles of the surfaces on 

Epbich the metallic coatings were deposited. In the 

bllowing year an English experimenter named Spen- 

ter read a pajier based on experiments during 1837 

md 1838, in which he fully described the different 

nniyiphK of electro plating and electro typing. An- 

Jier independent inventor of the process was a 

^iater named Jordan. Thus Jacobi, and Spencer, 

ud Jordan appear to be claimants of the new art of 

ictrotyping. The Britanniea gives greatest credit to 

lencer, and we shall briofly speak of hiflj 

125 



I 



126 



ELECTRICITy AT WOEK 



I 



I 



Spencer said that be had used a copper coin in" 
Daniell battery, and found that the copper deposited 
on it came off showing a reversed copy of the coin — 
the projecting parts having left their shapes in the 
shell deposited. At another time, a little varnish be- 
ing spilt on the copper element of a Daniell's cell pre- 
vented the deposit of copper where it adhered. Thus 
Spencer bad found a means of depositing copper 
where be pleased and preventing its deposit where he 
chose. He applied these principles to a sort of en- 
graving in relief. A copper plate was covered with a 
wax coating, and a design drawn, removing the wax 
along certain lines. Then the copper plate was etched 
— that is, put in an acid bath that acted on the ex- 
posed lines, eating into the copper. Next the copper 
plate was put into the voltaic cell, and copper was de- 
posited along the roughened lines only — the wax pre- 
venting action elsewhere. The plate was taken out, 
the wax melted off, and the lines stood out in relief. 

To make a plate directly from an engraved plate, he 
had only to deposit a copper shell upon it, and the 
shell, when stripped off, showed the engraved lines of 
the original plate, but in relief. He made other ap- 
plications of the process, and an especially valuable 
one by making moulds of clay or plaster, on which by 
covering the surface with bronze powder or gold leaf 
he could deposit metal, forming a mold. 

These methods, modified, form the foundation of 
modern electroplating, electrotyping, and electro- 
casting. 

In 1838, Morae secured for his telegraph-system a 
French patent, having already applied for the Ameri- 
can patent, and having petitioned Congress for an ap- 
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propriation to build a line long enough to prove the 
practicality of his apparatus. But his foreign voyage 
waa a failure, Tha Britisli refused his application on 
the ground that his invention had already been pub- 
lished ; and Russia also refused him any help. The 
French government, though allowing his patent, is said 
to have appropriated his invention without compensa- 
tion, and he returned to Kew York after about a 
year's absence — there to await the meeting of the next 
Congress in the United States. Altogether, he had so 
far pursued his purpose in spite of poverty, neglect, 
and laclc of powerful friends. 

In 1839 an experiment had been made in electric 
propulsion by a Scotchman named Robert Davidson. 
He made a motor that drove a locomotive at four 
miles an hour over a rough plank road, using a 40-cell 
battery ; but like all attempts to make use of the 
voltaic cell for the purpose, it was an economic im- 
possibility to compete with other cheaper forms of 
power. Another event of this year that he]|>ed to 
bring electricity more prominently before the public 
was the blowing up of the wreck of the Royal 
■George — the vessel celebrated for having turned tur- 
tle, going down in harbor with Admiral Kempenfeld 
and a thousand men aboard, of whomaboat 800 were 
lost 

This happened at Spithead, in 1782 ; and for over a 
half century the wreck had been an obstruction. 
Upon hep sinkingCowper wrote his well known poem, 
" Toll for the brave, the brave that are no more ! " 

In hope of saving the vessel many attempts to raise 
it were made, but in 1839 it was decided to blow her 
to pieces. Cases of gunpowder were lowered into the 
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1 and tlien exploded by means of an eluctric fusft" 
This fuse ia its earliest form consisted of ttvo insulated 
copper wires twisted together. Their ends were con- 
nected by platinum wire of very small diameter. The 
current meeting witii great resistance in passing from 
the broad copper to the narrow platinum conductor 
heated tbe platinum sufficiently to ignite the powder. 
This elementary form has since been greatly modified, 
and instead of using a voltaic cell current, in such an 
igniter, a high-tension induction machine, operated by 
a crank or plunger has been found preferable for pro- 
ducing the explosion jif blasting charges or for igniting 
gases and similar purposes where quick and great beat 
is needed. 

The year 1840 saw the invention of a new form of 
voltaic cell known as the Grove, from the inventor, 
AVilliam RobertGrove,agradunte 
of Oxford and a lawyer, born in 
1811. He studied electricity and 
jf "— ,=-&^B] became Professor of experimental 

' S glj philosophy at the London Insli- 

tntion. He is known chiefly for 
his learned book on the " Corre- 
lation of Forces," and also be- 
came distingiiislied in his profe.s- 
sion, being knighted about 1872. 
Grove's battery was an attempt 
ThkGbovb AND Bi.N- to improve on the Daniell cell, 
and substituted platinum and zinc 
for the zinc and copper. The platinum was dipped in 
nitric acid, surrounded by a porous cup, while the sul- 
phuric acid and nine plate were outside. Hydrogen 
liberated by the zinc was oxidized in passing through 
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the nitric acid, tbe resulting combinations being part 
water and part nitric peroxide gas. This gaa was 
dissolved tn the nitric acid, and so there was no 
" polarization " or deposit on the platinum. Tbe 
Grove cell furnished a powerful continuous current. 

Within about two yeai-s, however, this battery was 
modified, at Grove's suggestion, into the Bunsen bat- 
tery. 

But to Sir William Grove belongs the credit for a 
most important pioneer step taken in the same year, 
no less than tbe first incandescent electric lamp. It 
was described in the Philosophical Magazine in 
1845, and consisted of a bit of partly coiled platinum 
wire attached at each end to the bared ends of copper 
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wires from si'veral of his own voltaic cells. Upon the 
passing of tbe current the platinum wire was heated to 
incandescence, and gave a light by which he could read 
■ or carry on experiments for several hours. 
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Of course this was merely a " laboratory " device, 
being expensive, of short continuance, and entirely de- 
pendent upon tlie voltaic battery current, which was 
Etillfarfroniperfected. Tbe platinum wire as he used 
it was covered by an upturned glass, resting in another 
glass vessel — so as to excl ude the air, and thus to pre- 
vent the rapid consuming of the platinum, and in his 
account of the light he noted the possibility of putting 
tbe platinum coil into a closed glass globe. 

It was in ISlO that Morse succeeded in obtaining his 
United States patent. It was issued June 20, and num- 
bered 1,647 — a number that is instructive in view of 
the high numbers we see attached to patents of our 
own day ! — there being 650,000 granted even so long 
agoaa January 1, 1900. But Morse's real triumph did 
not come until four years later, after the experimental 
outdoor line was put into working order, and mean- 
while he was put to great straits to make a living. 
In 1840, also, Cooper of England, suggested the use of 
carbon to replace copper in voltaic cells. 

The following year saw the first electrotype plate 
made for printing and used by an American, J. AdamBi 
and also another platinum incandescent light made by 
Frederick de Moleyns of England, but no immediate 
practical use followed for the same reasons that pre- 
vented the use of thedeviceof Sir William Grove — the 
expense, tbe irregularity of current, and the liability 
of the platinum to melt if for any reason the current 
raised it to a higher temperature than would give the 
white heat desired. Professor Wbeatstone in this year 
took out a patent for a device that was greatly im- 
proved at a much later time. This was a printing tel- 
egraph — one that was t'j print its message in tbe reg- 
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u!ar alphabet. This was to be done by using the cur- 
rent to bring about contact between a strip of paper 
and a wheel on the edge of which were the type let- 
ters. The wheel revolved so as to bring the right let- 
ter over the paper, and then a current was sent 
through the line to press the two into printing con- 
tact — as in a modern " stock-ticker." But this mechan- 
ism did not come into use. The year 18+2 was espe- 
cially notable for the researches into new fields of 
theory. Professor Henry — who as an original worker 
was hardly less successful in practical discoveries than 
Faraday himself, succeeded in studying out and clearly 
explaining a problem that had proved something of a 
puzzle. This was the occurrence of what was known 
fts "anomalous magnetism." When a steel bar is 
placed inside a coil through which a Leyden jar is dis- 
charged, it becomes magnetized, but in a most remark- 
able fashion if the discharge is sudden, as the bar 
is found to contain alternate layers of opposite 
magnetism. This may have been discovered by filing 
magnetized bars into shape, and was shown by Henry 
to be due to the fact that the discharge of a Ley- 
den jar is really a rapid interchange of opposite 
rents — a vibrating back and forth of currents, each ol 
which acts upon the steel bar. But the scienceof mag- 
netism may fairly be considered a separate branch ol 
electric theory, and is a study in itself not to be in- 
cluded in so general a survey as we must permit our- 
■eWea. 

Henry also in the same year discovered the oscilla- 
tory — or to and fro — nature of the electric discharge. 
This had been shown in 1837 by Savary, but Henry 
went further, proving that waves in the ether weid 
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sel up at the same time — a very earlr Ilia t of the moat 
modern theories of electricity. Henry also con- 
structed induction coils -» an application of Faradav's 
experiment on induced currents but probably based 
on bis own discoveries, and original with Henry thougb 
Page of Washington had made them in 1&3S. 

In fact, to appreciate fully the place of so great 
man as Henry in electric science it is necessary 
study deeply into the science and the theory of tb* 
whole subject. He was " by general consent the fore- 
most of American physicists," and the list of hU 
achievements covers an eaoroious range of scientific 
Bubjects. 

The induction coils must be explained as they pUy' 
a large part in the present day applications of el< 
tricity to daily needs. Starting with Faraday, Pi 
and Henry, there were numerous forms of apparati 
made with one general purpose, namely to change tl 
nature of currents, in amount or in intensity. OnM' 
more resorting to the comparison with water, we may 
say that it is as if we used a reservoir of water to 
a supply to another point, and there either to furnish a 
large amount at a slow rate of flow, or a smaller 
amount at a swifter rate of flow. By means of indnc- 
tion coils, a current of electricity can be changed in 
intensity. The method of doing this is as follows: 
The current is made to flow through a coil of wire, 
and this coil is used to induce a current in a second^ 
coil of wire. If the first coil has wire of fc 
and large diameter the current meets slight resistani 
If the second coil has many turns and wire of smal£j 
diameter, the resistance is great. Now rememberi 
the rule that current is proportional to the elect 
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force divided by resistance (<^^h)' or 
•miHaes^j^'J^^,^ we shall see that as the resistance 
is greater, the current decreases in volume but in- 
creases in intensity. Thus tlie new current becomes 
one of small volume and high pressure. 

This condition, of course, is reversible. If the sec- 
ondary coil has the larger wire and fewer turns the 
induced current is decreased in pressure or electro- 
i;iiiotive force and increased in volume. It is as if we 
lade a river flow through a channel of varying width ; 
irbere the channel is narrow the rate of flow is quick, 
Irbere it is broad, the rate of flow or current is slow 
-though the same amount of water pusses a given 
(oint in either channel in the same time. 

The induction coils are sometimes known as " trans- 
Bormers " and called " step-up " or " step-down " trans- 
bmiers according to whether they increase intensity 
or diminish it. 

The actual instrument especially designed for this 
purpose was invented in 1842 by Masson and Breguet, 
though afterward (in 1S51) greatly improved by anin- 
Btrament-malcer after whom it has been named the 
Rahmkorff Coil. A primary coil of wire, of large 
diameter and moderate length is inserted in the mid- 
dle of a secondary coil formed of wire of fine diameter 
and many turns. Each coil is of insulated wire, and 
I two coils are insulated from each other. Inside 
I primary coil is a soft iron core, a bundle of thin 
; being used. This core helps the action of tbe 
taratus, and is also used to interrupt the currents, 
I will be seen. 

u I=§. I being the flymbol for current 
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It will be remembered that induced currents art' 
formed only wbile the primary current is increasing 
or decreasing, or wbile it is being made or broken. 
So there ia a little lever or spring key so arranged 
that it is moved whenever the soft iron core is mag- 
netized by the primary current, and, being moved, 



breaks the connection of the primary current. Tl 







current breaker produces a continual making and 
breaking of the piimary current thus: A current is 
sent from a battery through the primary coil. It in- 
duces a contrary current through the secondary coiL 
The core is magnetized. The core moves the lever, 
shutting off the pi-imary current. This induces a seo- 
ond current (opposite to the first induced current) 
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the secondary coil. The magnet acta again, and bo 
on, the interrupter being so rapidly vibrated as to give 
out a musical note. 

Attached to the instrument also is a commutator, 
by means of which the direction of the primary cur- 
rent can be changed from positive to negative, or shut 
off at will. 

There are also other means of changing the electro- 
motive force of the induced currents, but these may be 
left undescribed here. But it should be explained 
that the inductive action in the primary coil itself pro- 
duces extra currents opposite to those coming from 
the battery whenever contact is made. These oppose 
the establishing of the current sent, and strengthen 
the reverse current set up when tlie current is broken. 
This makes the current at the breaking stronger than 
kt the contact, and this current sends a strong spark 
tetween the ends or terminals of the secondary coil — 
isually two brass knobs separated more or less. 
The current given from the secondary coil can be 
)d or diminished by having the primary movable 
rithin it — thus allowing it to be more orlessinflu- 
mced. The same effect is at times produced by in- 
king the inner coil in a copper tube or shield, that 
I be more or less interposed. When in the way it 
nterrupts the induction, by what Atkinson (in " Elec- 
tricity for Everybody") calls "an electric eddy cur- 
rent," which is of course derived from the primary 
and lessens it by acting against it. 

In 1842 also Morse made some experiments in New 

York harbor in order to test the possibility of using a 

current through the water. One moonlight night he 

^went in a rowboat from the Battery to Governor's 
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Islitntl, unrolling an insulated wire as he went, an^ 
suDccttded in sending signals between tliese two puinis** 
thus convincing himself that "submarine telegraphy * 
was at least possible. But unluckily a passing vessff^ 
hooked up the wire on her anclior, and broke it off. 

At this same period there was a great deal of most' 
valuable work done by the workers upon the tUeorie* 
underlying the electric action. Fur it will be remem- 
bered that workers now had in their hands a number 
of instruments by which they could tell the force, the 
volume, the direction, and the presence or absence of 
the electric charge and currents. Among these work- 
ers may be named Willium Thomson — afterwai"d Lord 
Kelvin, Helmholtz, and especially J, Clerk Maxwell. 

William Thomson, born in 1824, distinguished him- 
self as an original thinker even while still a student, 
and in 18i6 became Professor of Natural Philosophy in 
theUniversity of Glasgow. Even before this, in 1843, 
he had published valuable researches upon electricity. 
M'e shall see him credited with most useful discoveries 
and inventions all through the development of the 
science, and he is still actively interested. Hermann 
Helmholtz, three years his senior, was Professor of 
Physics in Berlin, and died in 1894, equally distin- 
guished for his work in physiology, mathematics and 
physics. Maxwell, a Scotchman born in 1831, was 
writing scientifio papers at the age of fourteen, was 
distinguished at Cambridge, and in 1871 was Professor 
of Experimental Physics at that University, dying in 
1S79. 

Of all the investigators into the nature of elec- 
tricity and its laws, he is easily first, his work be- 
ing the " classic " on the subject. This was published 
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nnderthe name "Electricity and Magnetism " in IS73. 
Of course lie was still a boy at the time we are now 
Clin side ring, but is mentioned here merely to group 
tlie names of some of the more prominent theorists as 
a rtiminder of the work that was being done in labora- 
tories fur the aid of the more practical, workshop 
actiievenients. 

It is hardly possible that any man should accom- 
plish equal results in both theory and practice, and it 
i> most unfair that the maker of the machines should 
bwome famous, while the thinker who has made the 
iiaohitie a jwssibilily remains unknown except to 
Mholurs. When in reading books on Electricity we 
*w references to "laws," or " principles," or " theo- 
''tng," we most not forget that to construct these is 
oilea much more difficult and even more practically 
wfiil than to apply them to a single apparatus. 

Furexample one of the most useful investigations to 
L'lectric science was carried on from 1840 to 1889 by 
llie English physicist, James Prescott Joule, who was 
a fellow worker with Thomson. In 1843 he proved 
IW the mechanical and the heating power of the elec- 
"ic current were proportional; and in the same year 
slioffed that the quantity of heat needed to increase 
^lie temperature of a pound of water by one degree 
falireaheit is equivalent to the energy that will lift 
~2 pounds a foot. This law announced in 184-3 be- 
■^nie known as "Joule's Law," and enabled experi- 
menters to measure electricity in mechanical terras, 
for he had shown in 1840, that the heat caused by a 
''ollaic current in a metal conductor may be calculated 
''JniQltiplying the resistance into the electric current, 
*^rid, and this into the time in seconds the current 
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lasts. To [tut it in a formula, lleat — Current 
(squared) X Resistance X Time, or H -= C'Kt. This 
formula gives the number of vnits of heat, and as the 
unit of beat has been tixed at the amount necessary to 
raise 1 gramme of water to 1° Centigrade, we simply 
multiply the nuinlwr of units of beat by this value, 
and have ftn exact value for the results of the formula. 



CHAPTER XIII 

MAKING THE SCIENCE PRACTICAL 

" DuRlNO the early days of 1S43, Professor Morse 
was still struggling along io the hope of securing aid 
from Congress for which he had applied in the 
previous December. Id March there was no action un- 
til the very last day of the session, when the bill was 
passed appropriating $30,000 for the work of an ex- 
perimental line. Morse declared " this was the turn- 
ing point in the history of the telegraph. My pep- 
Bonal funds were reduced to the fraction of a dollar, 
and bad the passage of the bill failed there would have 
been Ultle prospect of another attempt on my part to 
introduce to the world my new invention." 

Morse and Vail at once went eagerly to work build- 
ing the line from Baltimore to Washington, and also 
making the hundred and one experiments needed to 
adapt the idea to actual use. In these, Vail's work 
was must important, and has not been sutlicientty rec- 
ognized, possibly in fear of diminishing the credit due 
to Morse. Vail invented a circuit breaker (like that on 
the Ruhmkorff coil) and an instrument for measuring 
currenUstrength, besides many minor improvements. 
The laying of the line was attended by great diffi- 
culties, the wires being put under ground. After ten 
miles were buried — the line suddenly failed to work. 
The inventors and contractors were in despair, holding 
daily consultations. Out of $30,000, all but $7,000 
was spent, and of this the contractor of the line 
med $4,000. This man was a member of Congress 
139 
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named Smith who had entered the partnership. Di»- 
union and trouble set in and the year ended in com- 
plete discoui-;igemt;nt. It seemed as if ail tlie appro- 
priation Was to be spent without even completing the 
line, and Mr. Smith was threatening tu oppose the 
granting of a new approprialiuii. 

Abroad, the year was marked Ijy an invention made 
by Professor Wheatstone and Professor Jacobi, inde- 
pendently — a means of readily varying at will the re- 
sistance of any electric circuit by introducing an appa- 
ratus known as a rheostat. This in its early form vfas 




made by coiling wire on two cylinders of the same 
size, one of wood, the other of brass, and so arranged 
that tlio currunt is resisted more and more as the 
longtii of wire wound on the wooden cylinder was in- 
creased. A longer description is not necessary, since 
much better instruments have since been devised. 
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^^K Likewise ia 18-15, there was unotber use of the elec- 
^B!fic current in blasting, when a great clitf was des- 
■ troyeJ, by means of the electiic fuse. This was at 
Dover, and three charges were used, 18,50u pounds of 
povvder Ueing^r^d at the same moment by voltaic bat- 
'<^i'y. Tlie advantage of this simultaneous blasting 
o^er successive exploiiions was very great, and is evi- 
"^«ot. Tlie electric current made it possible and easy, 
whereas by any other method it would have been 
™08ldifflcult. Professor Wheatstuue in England laid 
" wire across the bed of the River Thames, eight 
''*'"-»nths after Morse's similar experiment in New York 
I'^vbor, and succeeded in sending current through. 

It is interesting lo learn that during the period of 

"^pression about the Morse telegraph line, Alfred 

_ uil devoted himself to reading Faraday's llesearches 

"^ the hope of finding a way out of the troubles. By 

'^'ihriiary the decision was made to put the wire on 

t**jles instead of underground^ — 1\. thing lliat had been 

^One virtually by Weber at Gotlingon in 1823, as was 

tRentioned — and during March and April this work 

'Vent on By April 13, twelve miles were successfully 

wired, Vail signalling to Morse at Washington along 

the line as built. Later in April, an earih circuit was 

Used for part of the line, applying Steinheil's discovery. 

^0n May 23, 1^44 tlie line was done as far as the Bal- 
timore depot at Mount Clare. 
The year lieforo, 1S43, Morse had promised Miss 
Ellsworth the honor of sending the first mes- 
sage. 
_ Toward the close of the session of Congress, Morse ^ 

^K^bad been in attendance upon the Senate. The hist day ^| 
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a hundred ullier bill^i would come up bufore his own. 
That night lie found lie bad only seventy-five cents be- 
yond the price of his ticket to Keiv York. Next 
morning, as he was leaving, he was told that a visitor 
was in the parlor to see hiiii, and when he entered the 
room he mui Miss Annie Etlsworth, daughter of the 
Commissioner of Patents — one of his warmest friends 
in Washington. She offered congratulations, to 
Morse's surprise, and then told hi in her father had re- 
mained to the end of the sesstOD, and knew that the 
bill had been passed March 3, 1843. 

"Annie," Professor Morse replied, " the first mes- 
sage from Washington to 'Baltimore shall be sent from 
you ! " She was the first to give him the good news. 

On May £1, tliu line w;is finished, Miss Ells^vorth dic- 
tated the message, " What hath God wrought ?" and 
Morse at 8:45 a. m. sent it successfully to the Palti- 
niore end of tho line. This was the beginning of 
commercial telegraphy by the Morse system. 

Meanwhile Vail hail begun transmitting siinpl}- by 
hand, making and breaking contacts without the use 
of transmitting mecliiinistn, and soon made a little 
spring-key for the piir|>osi; — tlius making the working 
of the line simpler. And the complicated recording 
instrument also was iiefnre long to be gradually re- 
placed by a simple "sounder" which the operator 
reads by hearing. Still, these were but omitting 
features by ex|)erience, and the fact remains that the 
first telegraph designed upon riglit principles was 
built upon the plans an<l carried through by the ef- 
forts of Professor Jlorsc. By this fact he must be 
judged, rather than by tho fate of his apparatus when 
time had caused it to be improved. As for the Morse 
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Alphabet, it may be that it was worked into its pres- 
ent form by Vai!, as shown by Franklin L. Pope in 
the Century Magazine for April, 1888 ; but the un- 
derlying idea, as a later correspondent showed in a let- 
ter to the same magazine may be traced at least as far 
back as Francis Bacon's secret alphabet, and Vail'a 
work upon it was mainly that of an improver. 
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There is no need for weighing too exactly the claims 
if rival inventors, especially if, as here, they were part- 
ners working toward one purpose. A remark by either 
during their work might be the germ of an invention 
by the other, and such suggestions might have been 
[changed daily without any record being made. 
Ivery inventor must be fed upon the ideas of others. 
Between 1841 and 1844 two French experimenters, 
Deleuil and Archereau had been showing various elec- 
trical displays in Paris, and are said to have shown 
the electric arc in a vessel closed against the air to 
make the carbons last longer. But though the princi- 
ple was right, there were commercial difficulties that 
prevented them from making the light available for 
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The fleet had started from Valentia on the Irish coast 
and consisted of eight vesseU, four American and four 
English, and had been out four days. 

In 1858, a better way of stowing the heavy cable 
— ten tons to the mile, was its weight — and better 




OwoiNAL Atlantic Cable 



devices for laying it were adopted and June 10, a sec- 
ond start was made, the vessels being the British frig- 
ate Agamevinon and the American frigate Niag- 
ara, each with a tender. They went to mid-ocean, 
and then separated after splicing the two halves of the 
cable. The cable broke three times, at five miles, 
eighty miles and 300 miles — and then the expeilition 
was abandoned until the next month. Again a start 
was made July 17, 18;jS, and once more the halves 
were spliced and the vessels each turned homeward. 
On August 5, Mr. Cyrus W. Field — "to whose energy 
and public spirit the enterprise was largely due," de- 
clares the author of " Progress of Invention in the 
Nineteenth Century" — telegraphed from Trinity 
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Starr was too poor to do much by himself, but was 
silled fay George Peabody the philaathropist. Taking 
° 'Q^n named King as a partner, he sailed for England, 
Wd there exhibited his lamps. One exhibit was a 
"^ndelabra of twenty-six lamps to typify the number of 
'lie Slates in the Union at that date. Among the 
I "pectalors was Faraday, who helped in the experiment, 
I *'Jrnired the lamps, and predicted success. 

Soon after, Slarr and King embarked for America, 

^"(1 next day Starr was found dead in his laerth. He 

^^'33 only twenty-four years old. King had patented 

''e lamp, describing its main features, and stated that 

'^'^re than one could bo used in the same circuit, and 

"'ixt either a battery or magneto-electric machine 

*ould operate the lamps. 

Except that the method of securing the partial vac- 

f'^^lin differed, Starr's lamp has all the main features 

■*f the incandescent lights of to-day though in a farin- 

l **Hor form. The current required to raise a thick 

t**Pbon to incandescence was of course largely wasted, 

iiice only its surface could give light. Indeed in a 

article an electrical expert is quoted as declar- 

f of it, " It produced a brilliant light, but was in 

pSrious aspects unsatisfactory." Nothing ever was 

! by King, Starr's partner in the enterprise, and 

"Ws name is connected with the lamp only because the 

patent was taken out in his name. Professor Houston 

remarks that this invention "discloses a remarkable 

knowledge of the subject, considering its early date." 

The same year saw the issue to Wheatstone of an 

English patent for the use of an electro magnet as a 

field magnet in place of a permanent magnet, in 

ictric machines, thus giving them greatly increased 
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iin|iroving the carbon by purifying it and solidifying 
it in an acid bath. But tbis was an improvement not 
followed up for nearly thirty years — probably be- 
cause of the cost of the process, and the difficulties of 
renewing carbons when burned out, as well as the 
lack of means to furnish a strong and steady current 
to many lamps. 

Every year saw new devices brought out for apply- 
ing the principles already known, but all were doomed 
to commercial failure because the time was not yet 
ripe for them. Dr. John liV. Draper, of New Tork, 
experimented with an electriclight, Farmer with an 
electric car, in 1847 ; but neither was the beginning of 
any practical development that requires us to become 
acquainted with their mechanism and principles. 

In ISiS, the Morse telegraphic apparatus was 
taken to Germany by two Americans, but tbey 
could not secure patents, and so had to keep their 
ways of working secret. Professor Houston tells how 
these men were able to telegraph clearly over longer 
circuits than could be covered by the Wheatstone or 
Steinheil systems, and so greatly surprised the Ger- 
man experts. Their secret lay in the Morse relay — 
which we have described — and this was kept con- 
cealed in a box. They made a line that worke<i for 
ninety miles, and much mystified the foreign experts. 
Steinheil guessed the secret to lie in the "magic box," 
and when the relay was explained "generously ac- 
knowledged to Morse the superiority of the latter's in- 
struments over his own" — to quote Houston's words. 

At this time, or a little earlier, was proposed by 
another inventor. Bain, a telegraph recorder capable 
of much greater speed than an; then in use. Tliii 



MAKIXG THE SCIENCE PRACTICAL U9 

was Ilia " Clieinical Telegra|ili." It was to use strips 
of perforated puper to send the message — contact be- 
ing made whenever a hole came between the key and 
line — and a strip of chemically treated paper to be dis- 
colored by the passage of the current in the receiver. 
Both strips being run by clockwork, and many of the 
sending strips being prepared by a number of op- 
erators beforehand, great speed of transmission was 
possible. The paper for receiving could be prepared 
by soaking it in iodide of potassium ; then the electric 
action would cause a brown stain wherever it passed. 
Wlieatstone also had an apparatus of the same kind. 

Uul the ingenious reader will see that with the pos- 
sibility of controlling motion and so producing a con- 
tact at tlie end of a telegraph line, aiiy form of 
mecbanism could be set in motion and stopped at will. 
The period of wonder was at an end, and the period 
of ingenuity had begun ; or, we may say, discovery 
had been completed, and the principles established. 
The rest was the work of the mechanician. 
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CHAPTER XIT 

THE DAYS OP TELEGRAPHY 

Still a new idea was in the telegraph of Bakewell — 
the facsimile tolegraiih. This was invented from 
184S to 1S50. To understand it we must imagine two 
metiil cylinders to be turned at the same rate in two 
stations distitiit from one another, and kept accurately 
timed, so tSiat their motion is exactly the same. 
Around each is a Hue spiral groove filling the surface 
closely from end to end. One cylinder. A, has drawn 
on it in varnirili (a non-conductor) a design or drawing 
or writing. The other, B, has a piece of chemically 
prepared ]>iiper. Now, let a point be allowed to travel 
in tiie f^rovc of A, and another in the grove of B, at 
tiie same rate. The first point is connected with the 
battery, and allows a current to pass whenever it 
touches its cylintk'r A. The other point rests on the 
chemical paper (a conductor), and causes a stain when- 
ever the current comes from A. The design in var- 
nish will then break contact whenever the point A 
crosses a varnisli line, and will therefore fail to send a 
current. The paper at B will show a stain wlienevera 
current has passed or w/u't,- where it has failed to pass, 
and thus the chemical i)aj)er is stained e.\cept in the 
lines of the original design, as drawn upon cylinder A. 
These will bo reproduced in white, on the stained 
ground. 

The timing of the cylinders can be done either by 

clockwork and pendulum, regulated by electric im- 
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MAKING THE SCIESCE PRACTICAL 

Iwn. Ah a man of science he knew that wlieii glass 
mJ platinum are heatetl they expand at nearly the 
same rate, and so the expanding of the platinum 
liues not crack the glass. This fact was probably 
l^noivn, and set down in tables of " coefficients of cx- 
I'iinsion " long before any one had foreseen tbat the 
knowledge would be of use in making electric lamps. 
Classified, scientific knowledge lies ready to hand, 
like well kept tools in a systematic work-shop ; and no 
one can foresee that such bits of information will not 
(w precisely what is needed to complete some widely 
useful appliance. 

Each year in electrical history is marked by ad- 
vance in theory and practice. In 1846, the laws of in- 
duction were carefully verified by Professor Weber, 
ihe same who worked with Gauss and with him setup 
the induction telegraph line in Gijtlingen ; and a new 
practical application of the heating of a platinum wire 
put into a circuit was made by Crusell of St. Peters- 
burg, who so arranged a loop of platinum wire that it 
could be drawn close about a vein or a small growth 
it was desired to cut vS in an animal, at the same 
time that it was heated by the current. This formed 
an electric surgical cautery, that in the same operation 
could cut and sear the wound to prevent bleeding, 
as in removing a part of the tongue, or other or- 
gan full of small blood vessels — a most valuable aid 
to the surgeon in many operations. 

The electric light was used in this year upon the 
operatic stage, representing the sun, in the opera of 
"La ProphSte." Two Englishmen, Greener and 
Staite, also at this time patented, perhaps independ- 
ently, a lamp on the general principle of Starr's — 
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nets originally. Tlie doubling of the field magnets 
was the introiiuction of more resistance ; but this was 
not to 1)6 perceived for some time, and Hjorth at least 
had in his magneto-electric machine the true principle 
of modern dynamos. Uis invention was prolabljr 
made not very long before 1855, as his patent i^a^ 
dated in that year. The idea of strengthening mag- 




netism by using the armature current, however, ' 
not yet fully recogniKed, as we may know from the 
next development of the magneto-electric machine. 
Nollet, Professor of Physics in the Military School at 
Brussels, in 1849 improved the Clarke macliine — the 
one that revolved electro-magnets before the sides of 
the permanent magnet poles — but it was by multiply- 
ing the number of permanent and electro-magnets 
rather than by using any new principle. 
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I Tbis new machine was meant to (iecompose water 
its gases, and then an illuminating gas was to be 
lanufactured. In other words, this machine was a 
device meant to produce gas tor gas-lighting, and it 
failed for the simple reason that it cost less to make 
gas from coal. So this machine was put aside for a 

Phile, to he revived later when the possibility of prac- 
ja\ electric ligliting made its power available. 
The middle of the nineteenth century, as will be 
seen, had thus been reached with the science of elec- 
tricity well founded. The theories had been well 
stndied; a great number of machines invented that 
failed more often because of trade conditions than for 
scientific reasons ; and the work of specialists was well 
begun. Vet everything was in its infancy. The tele- 
graph was established as an enterprise, but chiefly for 
short distances on land. The use of electricity as a 
motive power was too exjwnsive and too uncertain to 
compete with steara power. The electric light was 
even less advanced, being little more than a wonder for 
_fllort exhibitions or for use in a few limited flelds. 
^k All the actual outdoor development, the real trade 
H|Dd business use was to be brought about in the life- 
time of men still living — such as William Thomson, 
Lord Kelvin. Thus the first submarine cable, between 
Dover and Calais, was in 1850 only a single copper 
wire in gutta-percha, and failed after working for a 
single day ; hut in 1851, the next year the same cable 
was relaid as an armored cable and was successful. 
The core of conducting wires was insulated and then 
outside was an armor of wire closely wound to protect 
tbe insulation from injury. From about the same 
me dates tbe perfected EuhmkorfT coil, and also the 
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(or being among the predecessors of bettef 

m ^hise «arly motors derived their poirer front 
littteries, and zinc cost twenty times as mu( 
d while it produced only an eighth of t) 
lir tbe same weight. In small apparatus, ele 
, ^IB Moving most valunble. The electric bell} 
invented- — so far as the " trerabliDg 
» s>>ocerned, by Miraud, had come ver 
, f(«i««il household use. Tlie old style <d 
.^.jjnU was a clumsy and uncertain 
c. mt "ho remember it will willingly beaij 
■ ^ nwre fact that the electric wire 
^ qMte the bell, made it immensely bat 
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^Kr. Tlie little Miraud " Trembler," was only tlie 

^Bntact-breaker seen in the Ruhtnkorfr coil. From 

^H^2 to 1S50 inclusive the cbief steps in develojiinent 

^Bere in improving the telegraph and the electric 

^Ught. The application of the telegraph to a system 

Hfor giving the alarm of lire was first made by two 

^■Boston inventors, Channing and Farmer. It was no 

^■Bore than an adaptation of the telegraph to a special 

^BBe, being a number of circuits connected with a cen- 

^Kal station. In eaxsh circuit, ia an iron box was a de- 

^Wce for sending to the central station a signal that 

^EErould indicate where the signiil came from. Tins 

signalling can be done mechanically, a lever being 

pulled down against a spring; as the spring returns 

the lever makes electric contacts with points in its 

path so as to ring a bell in the station — and as the 

points are differently arranged, the ringing of the bell 

bIiows the number of the box from which the message 

oomes. The same system is used to-day in the box 

of the district messenger service. 

_ But an invention, as distinguished from an applica- 

Htfon, was made in the telegraph during 1852-3-4-5 by 

^Boabhng the capacity of the lines.- The Srst sugges- 

^Bjon came in the first year mentioned, 1S52, from 

^Koses Farmer, the first practical application of the 

^mrinciple being made by Gint] in Amsterdam in 1853 

and 1S54-, and improvements in the apparatus were 

due to Preece of England, and Frischen and Siemens 

and Halske of Germany during 1S55, The practical 

duplex telegraphy, however, was not applied to the 

working lines for several years later, when perfected 

after 1870. The general principle of the duplex ap- 

■atus may be here stated, since this principle was 
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discovered at ihis time, and only failed to workbfr 
cause of aa oversight on tlie part of the inventore — 
tb© omisaioTi to allow for the electric capacity of the 
line and apparatus — that Is, the loss of electricity in 
its working. 

Suppose we wish to "duplex" a line. That means 
to arrange it so that a signal a nt from one station A, 
to another stiition B, shall jcc the receiver at B, 
and yet leavu the A recei naffected; while a sig- 

nal sent from B shall affect tl: A receiver, and not its 
own. This requires some ap,,aratus, for in a single 
line a signal sent from either end would act on the 
whole line, including both receivers unless one or the 
other was shut off. But we want to use both re- 
ceivers, independently, at the same time on a single 
lin«. 

There are two ways of doing this, both by means of 
inserting a relay in the line. One way is to insert 
what is known as the Stearns or neutral rela}'. This 
is a double wound electro -magnet around which the 
main line wire is wound after being divided into two 
branches. One branch is wound from right to left, 
the other from left to right around a bar of the mag- 
net. Then half the line is connected to the earth and 
the other half goes to tlie other station. 

There are now two things to accomplish. First to 
send messages to the distant station without affecting 
the home receiver (or "sounder"). Second, to re- 
ceive messages without affecting your own use of the 
line. AVe will examine each separately. 

If you put down your own telegraph-key, closing, 
or making the circuit, the current is formed. It passes 
up to the branch Y and then (by Ohm's law, the re- 
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Stance being made equalj the currents in each branch 
IK e(|ual, and ono-batf goes by the left branch of the 
t uround ono-balf of the elect ro-niagnet, then down 
•ilo the earlb, and is there lost. The other goes, in (he 
tterM direction, around the other half of the electro- 
Bagnet, and then out by the main line to the other 
totion. But tliB two opposite currents around the 
liMlro-raagnet neutralize each other, so that the elec- 
*o-[iiagnetdoe3 not act at all on its armature. So far 
^^ that current is concerned, the magnet is left unaf- 
Htol, whether current is turned on or shut off by 
Mr key, and yet half of your current is sent along 
•emain line whenever your key makes contact. 
Therefore you can send messages without affecting 
r own " neutral relay," and as this relay must act 
to affect your sounder, your own current does not 
Tove your own sounder. And likewise at the other 
, Wdof the line the other operator's key will not affect 
•lis own sounder. But remember that this is done by 
■naking the two branches of the Y offer equal resift- 

Fiee, so the current will divide equally on the two 
les of the relay magnet. 
The next object is to arrange that the current along 
the line will affect the sounder at the distant station. 
Let us follow it. The current arrives first at a coil 
around a half of the electro-magnet winding of the 
other relay, making it exert magnetism. Then it goes 
along the other branch of the Y at the far station to 
the junction of the branches. Here it meets two 
paths. One is up the other branch, and around the other 
half of the electro magnet. This part of the current 
goes in the aanie direction around the magnet as in the 
first coil — and so the two coils act together, and at- 
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March 15,1861, the line \vas finished — requiriogv 
little over four months — and the greatness of the 
Western Union was begun. 

One more notable advance is credited to that year 
— the beginning of a system of electric units. Mr. Lati- 
mer Clark suggested that the unit of resistance in elec- 
tric conductors should be named after Ohm, the author 
of Ohm's Law of Kesistance. Professors tiauss and 
Weber had published many papers upon the theory of 
electricity and its measuremcnl, but no short tvords 
for the various quantities and qualities had been in 
wide use. The British Association therefore appointed 
a committee that entered upon its labors of fixing and 
naming the electric standard units. This work was 
not, however, finally completed until 1S69, though 
progressing and reported at intervals. 

The chief electrical events of ISfiS were the general 
adoption of arc-ligliting for French lighthouses, and 
the installing of a great arc-light at Dungeness light- 
house in England ; and also the beginning of a nevv 
form of electric lamp — again the application of an 
old principle. This was a vapor lamp that sought to 
make use of glowing tubes, exhausted almost to a vac- 
uum, through which the current was passed, causing 
glowing lights of varying colors. Though patented, 
it does not seem to have come to practical use, any 
more than did the mercury-vapor lights studied by 
Hawksbee in 1705, or the later investigations of Caven- 
dish and Davy into similar eifects when electricity 
was passed through the space left by allowing mercury 
to fall in a closed glass tube, producing the Torricellian 
vacuum, — that at the top of a thermometer or barom- 
eter tube. Yet all of these observations were thft] 
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bints of later inventiona, that came to fruition when 
loUowed up. 

In 1863, the chief work recorded is that of the Brit- 
ish Associatiou Committee on naming the electrical 
units ; in other words, carrying out the suggestions of 
Gauss and Weber who were the first to recognize the 
great advantage of standards for electrical units, alilce 
in theory and in practice. But an account of what 
nnits were chosen, and tiieir meaning should be given 
only after their general adoption. 

The next year came the suggestion from a French 
engineer, Cazal, that the power of waterfalls might be 
nsed to operate railways if it were transmitted by 
electricity to the desired location. This idea, as we 
know, was good, but to carry it out required a num- 
ber of improvements in the apparatus then known. 
And the same year brought at least one of these — an 
improved motor embodying a most important princi- 
ple — the Gramme motor. 

The improvement consisted in the arrangement 
of the rotating armature. The principle was the same 
OS used by Page and Pacinotti, but it was applied in 
most convenient form, and gave really continuous cur- 
rent, whereas all former machines gave either alter- 
nating currents or a rapid succession of currents in 
the same direction — tandem currents, they may be 
called. To recall a little of the more recent history 
of the magneto-electric machines then known, — 
Siemens tn 1S55 had made the long bobbin-armature 
wound from end to end ; Wilde had used a little 
machine on this plan to excite a big electro magnet 
to make a second bobbin revolve, and had secured 
1,500 revolutions u minute in the main armature. 
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Next came the Gramme armature. Gramme was i 
Belgian engineer whose invention consisted in using 
for the core of the armature a soft iron ring, placeJ 
between the horseshoe magnet poles, and in the same 
plane. This turns around its own centre, in that plane 
— 05 a top spins. 

Being between the magnet poles and within their 
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inflnonce, tliis ring has always two poles, each the ojl) 
posite of that of the near polo of the magnet — apj| 
two neutral points between, on the cireumferenoRi^ 
Round the ring are coiled the insolated wires, in sec- 
tion coils wound in the same direction, and connected 
in series, forming a continuous circuit spirally aroai^_ 
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riog. Each coil (a |iart of the muiii coil) as it 
1 toward the pole of the magnet develops an in- 
Kd current, stronger as it approaches the pole. 
Jien as it passes this current decreases, but as the 
• end of this Utile section ia now toward the mag- 
a pole, the current is in the same direction as before. 
knother coil follows, the same action is repeated, and 
( on — the current being always in one direction. 
bot the other balf of the coils are meantime being in- 
loenced in just the opposite way, as we shall see. 
lappose as they go around, the coils are proceeding 
north-pole end forward. Then considering any one 
ooil we shall have it approaching its nortli pole to 
tbe south pole of the magnet; it passes, and then has 
its south pole toward the south pole of the magnet. 
At the beginning of the second balf of its revolution, 
it is approaching with its north pole toward the north 
pole of the magnet, then passes and has its south pole 
toward the north pole of the magnet. 

But as the armature is turned, currents are created. 
The ^rst half revolution first brings unlike poles to- 
gether, and then separates like poles; the second ha,\t 
revolution first brings like poles together, then sepa- 
rates unlike poles. Thus, by Lena's law, the two 
induced currents are in opposite directions; but each 
Kbeing continuous and uninterrupted, they are united by 
^Hifli? commutators into a single continuous current. 
■ Of course it must be understood that we can only 
give the action in the very crudest and simplest form, 
in order that it may be understootl. But the Gramme 
armature was the beginning of sin onormons improve- 
ment in these magneto-electric machines that preceded 
dynamos and motors. 
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Id the aeil ;ear. IS^o, came a. great impfuTemeolii 
aaother furm of ei«ctHe machine — of the ctass de- 
Teloped from Yon Goericke's sulpbnr globe, Xeirton't 
glaas globe, and the frictiooal machiaes that followed 
io the eighteenth ceacurr. Ttiese bard, thoagh bet- 
tered, remained in esaence the same machine Ramsdea 
iBTented — a glass disk with lubbers, collecting poiots, 
prime condactor, and aU. There had come in 1773 
Tolta's electrophoras — the resmoos cake already de- 
scribed. But Don- came a long step forward — made 
in a way that seems almost inevitable in all machines. 
Instead of a plate applied to another plate, and lifted 
— rueiprocating motion — there was to be cirwiar 
motion applied to the same purpose. Earlier experi- 
menters had improved on the crade electropborus, but 
tboagh some of them (Darwin and Nicholson being 
named in the " Britannica") used rotary motion, tbe 
purpose was not fally followed out. Bat in lS6i\ 
Varley devised an electric machine tbe principle of 
which was excellent. It consisted of an insulating 
disk bearing on its edge or circtimference conductors 
or electricity carriers. These at opposite ends of a 
diameter pass into two hollow conductor-cylinders slit 
to receive the carriers- 
Inside each cylinder are two metallic springs, one 
connected to the cylinder, the other connected to 
earth. Supposing a smaW positive charge to be in one 
cylinder, as a carrier is revolved into that cylinder, it 
receives the charge, and, like the electropborus plate, 
being touched by the earth -connecting spring, carries 
away a negative charge until it comes to the other 
cylinder, where being inside a hollow conductor it 
gives up the charge to that conductor through 
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spring. Then it receives a positive charge at the 
other spring, and goes on to the first cylinder again. 

In short, the apparatus amounts to having a number 
of little electrophorusea on the edge of a disk, so 
arranged as to be charged and discharged by the cyl- 
inders — the strength of the charges always increasing 
by accumulating. 

This 13 the principle of the " induction machine." 
And it was soon greatly improved in form. The 
" most remarkable as well as the most useful of these 
machines " is that made by Koltz. 

Holtz's induction machine has two glass disks set 
closely side by side and upright, one Hxed, the other 
rotated. The fixed plate is slightly larger, and this 
fixed plate has cut through it two holes at the ends of 
a diameter, back of each being glued pieces of paper, 
with blunt " tongues " extending through the holes 
and nearly toucbing the moving plate, which rotates 
opposite to the pointing of the tongues. These pieces 
of pa])er collect current, and opposite them are brass 
rods ending in balls, but having comb-points toward 
the papers. These brass rods slide in holders. 

The bails on the rods being brought into contact, a 
rubbed rod of ebonite is touched to one, givingauega- 
tive charge. Then they are separated, and the rotating 
wheel is turned. A positive charge is induced in the 
wheel, is taken off by the points, and is shown by 
sparks between the separated ball-ends. 

This machine is hard to explain in every detail 
without diagrams, but the principle of it can be under- 
stood without that, for it is the same as the little 
electropborus. The negative charge induces a positive 
charge in the other brass rod. This escapes by the 
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points to the paper, by tbe tongue of tiie pajwr to llie 
wLeel, is carried nmnii to the other tongue, where it 
inalies tbe other pa\ter jwsitive, which induces a nega- 
tive charge in the lirst rod — and thu:> the accumula- 
tion goes on increasing, except (a very important 
exception] the losses Into the air which must be 
greater as the tension (tlie pressure, or tbe electric 
potential) increases. 

An increase of the number of disks and so on, makes 
more and more powerful machines, enabling very long 
sparks to be sent between the rods, or enabling heavy 
charges to be collected in Leyden jars or condensers- 
Such a multiplied Holtz machine is the Wimshurst 
Influence Machine, but it is also made simpler.' It ha* 
two plates of glass covered with shellac, and revolving 
in opposite directions. Both carry strips of tin foil- 
glued on radially. These are touched by brushes, 
that conduct away the induced charges. The brushed 
are connected with the rods or electrodes. Practically 
there is always some little electric charge in the tin- 
foil strips, and as these are revolved, the brushes con- 
duct away the charges on the two opposite plates, so 
that a difference of potential arises and is constantly 
increased as before. 

This difference of electric state — difference of po- 
tential — is what causes the passing of the electric cur- 
rent from one thing to another, and these influence 
machines are mechanical contrivances for increasing a 
small difference. It is as if there was a slight differ- 
ence of level between two pools of water in the course 
of a stream. By removing water from the lower, i 
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increase the difference of level, and more water flows. 
Or suppose a tank connected with another tank by a 
pipe connecting them at the bottom, and suppose the 
flrst tank to be supplied by apparatus that flows the 
faster as the tank is emptied. Then we drive a spigot 
into the second tank. As the water flows out, there 
ia a difference of pressui-e, the first tank begins to flow 
to the second, then the first tank receives a supply 
from the apparatus for filling it, and so on. This is 
like the induction machines. 

In the great advance of electrical science, the trans- 
Atlantic cable was never forgotten. 

Despite the failure of the first Atlantic cable after 
it had transmitted messages for a short time, and 
the general apathy toward renewing the enterprise, 
Mr. Cyrus Field and his British backers had by no 
means abandoned it. 

The British Board of trade having appointed a 
committee of eminent engineers to report on the mat- 
ter and having received in 18fl3 a favorable report, 
the capital was secured to renew the attempt to lay a 
permanent cable. July 15, 1865, saw the sailing of 
the Gri'at Eastern with a new cable between three 
and four times as large as that of 1858. 

There were slight delays and troubles at first but 
they were remedied. One deserves mention. Twice 
a short piece of wire was found to be driven through 
the insulation by some scoundrel — probably to cause 
a fail in the price of the cable company's stock. The 
cable had been laid to a distance of a thousand miles 
and more when it broke and sank. It was grappled, 
raided, but fell again to the bottom, and had to be 
abandoned for the year — a loss of 63,U0O,OOO. 
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Tbis sobject of cable-laving deserves a. book toitset '* 
for it is a most notable combination of human learc* ' 
iikg, engineering skill, and brare seamaoship ; but tr ^ 
are mainW ooDceraed vrith the electric problems ari# — 
ing after the cable is laid successfully. 

In 1S65 Clerk Maxwell, whose researches ppon e!e& — ' 
tricity have been as fruitful as those of any inTesLiga" 
tor unless it be Faraday, announced a theory that- 
light is an electric disturbance in the ether — bh 
opinton that was remarkable at the time, but is notr 
generally accepted, and considered as no more than a 
special case under a more general law including the 
phenomena of beat, light, electricity and radio-activ- 
ity. It cannot be discussed here, since it has been so 
much more developed in our own time. Another dis- 
oovery of this same period, about 1866, was also to be 
used later. Varley, of whose cell we have spoken, no- 
ticed the resistance offered to an electric current by a 
mass of filings until the current was established, and 
explained it by the setting up of conducting paths as 
the filings were electrified and attracted one another. 
This observation was to prove of great use afterward 
in wireless telegraphy, as will be seen. 



CHAPTER XVII 

CABLE, DUPLEX, AND DYNAMO 

IhRKE ba|)penings of 1806 were to help greatly the 
^Tance of electric science — the consolidation of sev- 
emaller companies witb the Western Union, 
kinging together a large amount of capital interested 
I telegraphy and kindred subjects, the successful com- 
letion of the Allanlic cable, after so many trials and 
Bbulations, and the invention of a still better electric 
icbine by Wilde. 
The Western Union by the absorption of tbe Ameri- 
can Telegraph Company and tbe United States Tele- 
graph Company became a well centralized powerful 
corporation with tbe management located in New 
York City, and owning 75,000 miles of wire, operating 
2,250 offices, and sending between four and live mil- 
lion messages a year. 

The final successful Atlantic cable exiKdition left 
England in 1866, the &ivat Eastern again being 
used, On the 13tb of July tbe voyage began, and on 
tbe 2Sth tbe ocean cable was spliced to the shore end 
at Newfoundland, and once more America and Europe 
were joined, this time with a bond destined to endure 
for long service. Tbe delight of the engineers and 
their brave helpers may be brought nearer to our un- 
derstanding by reading this extract from the diary of 
Sir Daniel Gooeh, the English engineer, expressing bis 
feelings on making the successful landing in New- 
HindlaDd in July, 1866 : " la it wrong that I should 
187 
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I at would operate the receiving instrument at tbe 
her enil of the Atlantic cable, an English operatur 
Valentia in Ireland made a voltaic cell out of a 
dy's silver thimble, using only a little acidulated 
ater and probably a tiny bit of /.inc— though the 
t zmc is not mentioned in the article (from the ^/co 
t>-ical Wcn-hl). This little cell was able to give cur- 
rent enough to operate the cable ; but we must not 
forget that the difference of potential is wliat causes 
tbe current, and this is as great in a tiny cell as In a 
big one — the little one is less only in volume of cur- 
rent. 

The operator at the American end of the line next 
took his turn in microscopic cell-making. He used 
an old percussion cap — of which a dozen might go 
into a thimble — looped a lino copper wire about it, 
fastenetl a minute strip of zinc to another copper wire. 
A drop of acidulated water tilled the gun-cap cell, tbe 
end of the zinc was inserted, connection made witb 
the cable and the earth, and signals were transmitted. 
It is said that the English operator at the other end 
re|K>rted the signals as "awfully small," but the bat- 
tery did its work across the 2,000 miles. The Ameri- 
can operator at Heart's Content, Newfoundland, was 
William Dickerson, of the Anglo-American Telegraph 
(.'onipany ; and he afterward gave the tiny battery to 
11. 11. Ward, of tbe Western Union. Perhaps the 
greatest wonder of the occurrence Is the perfection of 
the cable and its instruments. 

The third achievement of 1806 was Wilde's electric 
machine, which used a small machine with permanent 
magnets to excite electro field magnets ; thus adopting 
Hjorth's principle of eleven years earlier, and be- 
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t this can be done in three ways : (1) All 
t can be passed around the magnet, 
the current can be taken around the inai 




melimes all and sometimes part can '■ 
B three forms are known by the names, 
1 ; shunt- wound ; compound-wound. Three 
dings accomplish these results. 
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coming the forerunner of the self-exciting type of 
dynamos. Wilde also made later a triple macUinu 
using a small permanent magnet machine (or as it iif 
generally called, a " magneto machine " ) to magnetii«9 
the electro-magnet of a larger machine, which in tonm 
magnetized a third electromagnet. 

Guillemin says that this required an engine of ' 
fifteen horse power to put it in movement, but yielded 
an enormously strong current, melting a heavy bar of 
platinum. 

But in December of 1866, Varley patented a 
machine that did away with Wilde's "exciter" or 
permanent magnet — thus divorcing the permanent 
magnet from the dynamo, Varley, Wheatstone, Moses 
G. Farmer and Dr. Werner Siemens at about the same 
period seem to have hit upon the idea that the elec- 
tric machine contained enough difference of potential 
to magnetize its own magnet from the beginning. At 
all events, in 1867, machines on this principle were made 
by all three or patents taken out. All had discovered 
that if the armature was set spinning, as it cute the 
lines of force coming from the electromagnet — no 
matter how weak these may be, — currents are caused 
in the armature coils, are transmitted through the 
electro-magnet coils, and a " building-up process " takes 
place. Soon a high degree of magnetizing is accom- 
plished, and when the dynamo is fully charged, it runs 
with great resistance, furnishing a strong current, 
precisely as if a permanent magnet starter had been 
employed. 

It will be seen that this self-exciting is done by c 
necting the armature coils with the electro-magnvt 
coils, and using the armature current to produce ma| 
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"feetism. Hut this can be done in three ways : (1) All 
the current can be passed around the magnet. 
(2) Part of the current can be taken around the mag- 




i 



net. (3) Sometimes all and sometimes part can be 
used. These three forms are known by the names, 
leries-wound ; shunt- wound ; compound -wound. Three 
jcds of windings accomplish these results. 
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Supposo the current fi-oin lUe dynamo is to go t 
atil of arc-liglits. Tlien, if wo connect tlio ai-malui 
ooilii first lu the ooils uf tlio niu^uet, conducting i 
wliule current uruuud it, and tlma to the lightings; 
tern, we liave a series-wound dynamo. If we connect 
the armature coils first wltli the lighting system, and 
then let a side connecting wire run to tlio coils of tlie 
magnet, we have a sliunt-wound dynamo. If we take 
a series-wound dynamo, and then add the sliunt wire, 
BO we may use either or both, we have the compound- 
wound dynamo. 

Each of these forins of dynamo has its own advan- 
tages and disadvantages, and is adapted to special 



In 18(i9 came the report of the committee appointed 
by the British Associaliou to lix and name the StandJ 
ard Electricid L'nits but the Itnal adoption of i 
uniform international system did not come until 1881^ 

Iq 1872 the duplex telegraph was perfected by 1 
Joseph B. ytearns, of Boston, being covered by two I 
patents issued in that year, which set Thomas A, Edit 
son to work upon an improvement of the system, 

Edison was at this time twenty-five years old, Bon 
in 1847, in OJiio, he became at twelve a train-boy, and" 
at fifteen printed a small paper on the train, cir- 
culating it among the employees. Having saved the 
life of a child, he was taught telegraphy by the father 
and became an operator. At seventeen he invented 
an automatic telegraphic repeater, for transmitting a 
message to another line. But for so active a brain tixK. 
confinement of the telegraph-key was unbearable, a 
he became known as a skilful but nomadic "t. 
operator. 
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His success came to hiiu as the result of inventing a 
ooraraercial stock indicator which he sold for $iO,000; 
and with this money be established his first labora- 
tory at Newark, New Jersey, and began his career as 
a professional investigator and inventor. 

In 1S73 there was an industrial exhibition in 
Vienna and among the exhibits were a number of 
machines including a magnetic motor and a Gramme 
d_ynamo, arranged in a group so that there might be 
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[an>m1t1lnt inilrumuiH, diRgrcnllotlr WDiind. 
B. while the Diher i> connected »ith the rKc. 



shown examples of their various uses as generators of 

^ electric currents and in working machinery. Some 
iwere to be run by a number of belts from an engine- 
sliaft. Then occurred one of those accidents that 
pro|>erly observed and used lead to industrial progress. 
A workman happened to attach two wires from a 
panning dynamo to the magneto-electric machine that 
: not yet been set in operation by the belting from 
! engine-shaft. To the workman's surprise the idle 
tchine at once began running backward at great 
leed. Gramme, the inventor, was summone<l, and he 
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at once saw that the secood djnamo bad been made & 
motor. 

No(v this was not precisely a sew discovery, for as 
Professor Houston points out it was "certainly knovrn 
to Lenz in 183S" that the same machine would act 
either as dynamo to produce the current when run bv 
povver, or power (mechanical motion) when set in 
revolution by a current. Jacobi in 184S also knew this, 
and Facinotti, the Italian, mentioned it, as did 
Siemens in 1867. But something was needed to show 
the principle clearly and publicly, and this happening 
at the Vienna exhibition — whether accidental, or, as 
one account makes it, the result of an ingenious at- 
tempt to make up for the failure of two batteries to work 
the magneto- electric engine — was a public demon- 
stration that the current from a dynamo could be 
readily conveyed to another dynamo and would make 
it into an efficient motor. 

The story that the connection of the two was not 
accidental is given in Houston's "Electricity in 
Every Day Life," and seems the more probable for this 
reason : Fontaine who made the connection says that 
the connecting was done by means of a conducting 
cable 250 metres in length, — and that notwithstand- 
ing the resistance of this long conductor, the second 
machine was set into so rapid a revolution as to work 
the pump attached to it much too violently. Fontaine 
therefore interposed still more cable — over two 
kilometres — to increase resistance and thus decrease 
the speed. 

This proof of the Gramme dynamo's power to work 
another dynamo thrimgh a long conductor seemed to 
be just the demonstration needed to set inventors tod 
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work upon using so convenient a means of conveying 
power to a distance — which, tlieo at least, owing to 
the lack of economy of motors as compared to steam- 
engines, would be the chief reason for perfecting the 
motor-use of dynamos. The principle, in short, was 
not new, but its practical application on an Industrial 
Bcale was first clearly shown in June, 1873, and thus 
became a distinct step in the evolution of electrical 
arts, for it at once led to projects for electric-transmis- 
sion of power on a large scale, and especially to rail- 
way propulsion. 

The quadruplex system of telegraphing was invented 
and brought out by E<lison in 1S74. This allowed 
two messages to be sent each way at a time over one 
wire. But in order to understand this there is a miss- 
ing link to be supplied. Duplex telegraphy we have 
explained as the sending of two opj>osite 7neamge» on 
the same wire at one time, and, it will be remem- 
bered, la done by dividing the current. " Diplex " 
telegraphy, on the other hand, is the sending of two 
messages at one time in the sattie liirectiun on one wire. 
As quadruplex telegraphy combines these two, diplex 
telegraphy must first be understood. It was first 
worked at by Dr. J. B. Stark of Vienna, and then im- 
proved by others, but finally brought to success by 
£dJson. The principle of diplex is to have at the far 
end of the line two receivers, one worked by strong 
cnrrents only, the other responding only to a positive 
(or a negative) current, and being unaffeoted by the 
pother. 

i to the strong and weal: current receiver, it is so 

"anged with resisting springs i:':at it is not affected 

!liy the weak current ; for this is not strong enough to 





1»C CABLE, DUPLEX, AKD DYNAMO 

oijcrate the relay tliiit works the receiver. Only 
when a strong current mores the relay armature is the 
oircuit to the receiver closed so it will receive thesig- 
nul. 

The other form of receiver has a polarized K\hj 
(iiivuntod hy SioineiiM) that will respond only to (say) 
thu positive current, white the negative current does 
not move it, This relay consists of an electro-magnet 
wound in opposite directions on the two jrales, so that 
thoy have their ends both of the same polarity. Ba^j 
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twt'cn them is a steel bar, also magnetized, but with 
polarity opposite to that of the electromagnet poles. 
It ia thus attracted by both equally — and is free to 
swing towanl either being pivoted like a compass 
needle. Upon the passage of a positive current one of 
the poles of the electro-magnet is strengthened, and 
the other weakened {their coiling being opposite), and 
the steel-bar moves toward the strengthened pole. 
Now if we put a stop to the bar on one side, leaving 
it free to move only toward the other — it will resjund 
only to the current that strengthens one side. There- 
fore, by putting an obstruction between the bar and 
the polo that would be strengthened by a negative 
current, we can stop its tendency to move that way, 
and yet leave it free to be attracted whenever a posi- 
tive current is sent. 
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Tbis relay is often mounted uix>n a permanent steel 
magnet shaped like a capital C — tlie bar being; 
hinged to the upper pole, and the electro-magnet 
being set on the lower. The ponnaneut magnet 
helps the balanced state, strengthening both the 
polarity of the electro-magnet and that of the steel 
bar, without interfering with their response to the 
Krriving currents. 

Tbe transmitter to this form of relay is a bey 
known as a " pole-changer," so arranged that it sends 
one direction of current when pressed down, the other 
when raised by a spring. 

Tbe polarized relay is made sensitive enough to re- 
nd to the positive weaker current used by the 
other operator ( the " strong and weak " transmitter ) 
but acts with either strong or weak positive current. 
So both the polarizing key, and the strong and weak 
key can send their signals without interference with 
h othei". Through the line there is always some 

Trent passing. One operator is able to strengthen 
weaken it at will by his key, and thus send his 
signal : tbe other cannot either strengthen or 
weaken it, as his key merely makes it positive (signal- 
ling) or negative ( non-signaling ). Of course the 

larizeii relay can be preparetl beforehand to respond 

either the negative or positive current at will. 

This in an uncomplicated form is the general idea of 
the way in which diplex telegraphy is accomplished. 

There is also another form of duplex than that 
already describeil. Tliis second form is based upon 
the employment of what is known as Wheatstone's 
Bridge — a device for measuring electric resistance of 

iductors. This "bridge" was invented by Christie, 
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irer potential. We tbea put into the left half ol 
the lower circuit wire lengLbs of ditferent known 
(tested) resistances. When we have balanced the two 
halves the galvanometer will cease to sliow current, 
and we shall know the resistance oF the insulated 
wire. 

It is evident from considering this bridge or balance 
that it gives us a means of passing an electric current 
around a galvanometer without affecting it so long as 
the resistance of the two paths are kept equal in po- 
tential. If now we put a receiver of a telegraph line 
in place of the galvanometer, it also will be unaffected 
so long as the two diverging paths offer equal resist- 
ance and so are of equal potential. This is adapted to 
duplex telegraphing. Let the line from the sending 
station be divided by such a bridge with the 
home receiving instrument set in between the paths. 
Then the outgoing current will not affect that receiver, 
for half the current goes to the line on one side of it, 
and the other half goes to the earth on the other side, 
balancing that current. But the outgoing current 
when it reaches the other end of the line, goes inward 
past the bridge, and then to earth, i^assJng the bridge 
in the other direction, and making a difference of 
electric potential. This causes a current in the far 
receiver. 

Whether the far key current is turned on or off 
will make no difference, for it is either absent, or even 
at the bridge ends of its own receiver, and has no 
^ect. 

to apply all this to quadruplex teleg- 
thy. First it may be said broadly that the duplex 
iber system) and diplex do not interfere, and so 
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may be combined. Tbe duplex simply divides llic cur- 
rent into halves, and makes these balance at borne, 
wbile not balancing at the far staliun. Strong or 
weak currents may be equally well divided. Tbe 
strenglliening or weakening of tlie current, and tbe 
ciiungo of polarity of current may all be done as well 
wilb tlie half current. Thererure in tbe quadruple! 
we have in each station operature dijdtxiiiffllicir own 
currents ; and as regards the otber two operators, their 
currents are dvplexliiy. Thus we have A using 
polarity of current at his stuLinn ; B using tbe suae 
system and duplexing with A. C is with A, bat M 
using only a strong current, thus diplexing vritb.-^^ 
D is. with U, also using only the strong current, and 
duplexing witli C. Thus each operator is di; 
with his companion, and duplexed with bis 
spondent — all four can send luessages at once, 
same wire. 

Of course tbe two receivers at each office are eacli 
attended by receiving o|)eratore — making foui 
in each office, all using one wirt', and so the 
qniulrupled, the wire used fourfold, and the 
Kiiid to bo qnadruplexed. 

The credit of making this system a practical ev4 
day working system belongs to Thomas A. E< 
and his invention was made in 1874. 

It is not pretended that the foregoing explanatio" 
will make the whole working of a qnadruplexed line 
clear, but at least it will set forth the principle, and * 
study of tlie instruments at work will complete ~ 
knowledge. 
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CHAPTER SVIII 



CABLE BECOBDEK, TELEPHONE, AND 
ELECTKIC EIGHT 



TriE problem of transmitting signals by a circuit 
such us the Atlantic cable is of course one entirely 
*Iifferent from tliat presented by the land lines. In 
the land lines relays can be brought into play 
wherever needed, but the cable must bo worked from 
«nd to end with a single force. The capacity of a 
cable is enorjnous, and ail this capacity must be sup- 
plied before there is any action— any electromotive 
force — at the farther end. 

To some extent the problem had been worked out 
beforehand, but actual experience required some 
changes in tlie theory. The various trials of methods 
resulted in the general use of the mirror galva- 
nometer^ a modilioutioH of the old device used by 
^UBauss and Weber in their telegraph in Giiltingen. 
^Kkaring 185S, for tlie one month's life of the first 
HAtlantic cable, a mirror galvanometer as improved by 
Sir William Thomson was used as the receiver, and a 
still better form of the same instrument was used on 
ytbe cable of ISiJfi and later. 

This is an application of the deflected needle prinoi- 
I of Oersted, the apparatus being made as sensitive 
s possible. 

magnetic needles are connected by a rigid 

wme with their poles in op|)osite directions, so they 

lave no tendency to point any way more than another. 

Hthis needle-pair is hung by a silk flbre, and attached 
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to each of the needles U a I'loy mirror. Then » 
coil of wire is vvouad inlo the "shape and posilioaoC 
a verlieal figure 8 " (lo quote froia Tunzclmann'* 
"Electricity io Modern Lite"). This is made of verf 
fine silk wound copper wire, so as to give luutiy turns. 
If a current goes through the coil, each loop of theS 
acts on one needle, and tends to turn both in the same 
direction — either both in one direction or both ia 
the other — as the current is positive or negative. 
This is called an astatic galvanometer. 
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This enables the sending operator to turn the 
needles one way or the other, at will. As they turn 
they move their little mirrors, and these reflect a beam 
of light so that it is moved upon a scale — greatly 
increasing the slight motion of the mirrors. These 
are the essential parts of the apparatus. 

As to the transmitter, it has two keys. One cod- 
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^^cstfi the cable and the positive pole of a battery, 

uen pressed ; tbe otber connecLs the cable and the 

^^^gative pole, wlien pressed. Wben either is not 

^^*^s5eii, it connects with the earth. Consequently the 

perator can send into llie cable either a positive or 

^^egative current. One turns the needles in one 

^^ipection, the other in the opjiosite; and by watching 

^^1^ motion of the beam of light, that is, the moving 

^Bjpot of light on the scale, the message is read, for 

^^^^t and left correspond to the dot and dash of the 

" Horse alphabet. 

This form of apparatus is adopted for several rea- 
sons. First, because it is highly sensitive, acting even 
when only feeble currents are transmitted. Second, 
because signals by means of a non-reversed current — 
as given by only making and breaking circuit — would 
be far too slow. A long condenser like the cable, 
fills and empties slowly, and between each make and 
break, a long pause would be required while the cable 
cleared Itself. The reversing helps the clearing 
greatly, though still the cable works more slowly than 
a short land line. Third, weaker currents will do the 
work with these instruments, and there is less danger 
of barnimg the cable's insulation if weaker currents 
are used. Fourtli, the weaker the current employed, 
the sooner will the charge it sends into the cable ba 
cleared when circuit is broken, or when the current is 
reversed. All these reasons explain why the ordinary 
instruments have been replaced by more delicate 
devices when the signals must be .sent by means of a 
long submarine cable. 

Both the cable transmitter and receiver have been 
improved by Sir "William Thomson. He m»'' 



204 TELEPHONE AND ELECTRIC UGHT 

transmilter autotnalic, operating it by a punched i 
paper strip thul exactly adapted the signals lo tbe 
action of the cable, and attached to the receiver & 
device for recording its signals. This is known as the 
siphon-recorder, invented in 1874 — or patented then 
— "the most important invention relating to subma- 
rine telegraphs," as the author of '' Progress of Inven- 
tion in the Nineteenth Century "says. This is a light 
coil of wire so hung betiveen the pules of an ek-ctro 
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magnet as to be moved by the current coming through 
the coil from the cable. As the coil moves, it moves 
to and fro a light glass siphon that dips into a little 
box of ink, and this siphon almost touches a ribbon of 
paper moved below it. As the current comes ami 
moves the coil it also moves the siphon by means of a 
connecting thread, and so makesu wave line. Thomson 
oppositely electrified the paper and siphon, 80 that the 
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ttraction between paper ami ink oauseil the mark; 
iit a later inventor, Cuttriss, vibratt-cl the Bi|jlion by 
»clro magnetisin, thus causing the ink tu leave the 
ild anii this was an improvement on Thomson's ap- 
■ratus, which tendeil to lose its electric charges in 
mp weather. Tu have siphon and paper touch 
«uli] cause friction, and interfere with the movement 
t the coil. 

F If it be added that cables can be duplexed likeland- 
I, except that the exact balancing is much more 
lelicate, we shall have brought the art o£ cable- 
ielegraphy up to the date we have now reached. 
Diplexing and quadrtiplexing have not been accoiii- 
lilished with the weak cable currents. 

In the beginning of 1876 occurred a remarkable 

Qnstance of simultaneous invention. On February 14, 

irithin two hours, were filed two preliminary papers 

'for telephone patents, one being in the name of Elisha 

Gray, the other in that of Alexander Graham Bell. 

Gray filed a caveat. Bell an application for a patent. 

Into the almost endless controversy that raged about 

the telephone invention he may enter who chooses to 

(Xinsult the special literature of the subject. It ia 

enough for our purposes that to Bell was awarded the 

final victory, and to liim seems to be due the really 

important features that produced the modern tele- 

" phone. We may therefore at least consider his tele- 

Ipbone the successful type, and tshall describe its 

favolation without considering it necessary to make 

nnstant reference to those who had something similar 

s hand or in view. 

Bell was born in Edinburgh in 1847, and is now 
arly sixty. He studieil in Edinburgh and 
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front of ibe magnet is a metal diapliiugm. Speech 
makes this iliapliragm vibrate. As it approaches or 
recedes from the magnet, it induces electric currents 
in the magnet and coil — as we know from Farailay's 
experiment, the foundation of all inventions based on 

induced currents. These cur- 

rents, conducted to the coil of [Z-m 
a similar instrument, cause l\u' *-*>" 
strength of the oiber mafriiettu 
vary, set the other diaphragm in 
motion, duplicating the motions 
of the other diaphragm, vibrating 
the air as it was vibrated at the 
other end, and so reproducing the 
sounds. 

Of course these secondary 
motions were feebler than the 
original motions, since there was 
a loss of power all along the line, 
by the friction and resistance of 
the parts, and so on. But the talk 
was repeated, and lateriaventions 
corrected the faults. 

Three minor advances also be- Bell Tklephosb 
long to the Centennial year, "'p' p'"": B-comtwund 
One of these is Edison's electric p'"' 
pen — a cylinder like a pencil, in wliich a point is 
kept in vibration with great rapidiLy by means of 
electricity acting through magnet coils on a tiny 
circuit breaker. Tlie point made punctures in 
paper as it was moved in writing, and then 
pajier could be used as a stencil. Later de- 
I for copying have superseded tlus clever device. 
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«bove freezing, a tiny .'x\u\i wxs put into tbe box, and 
automatically lighted or put out as necessary by a 
r ©onducting expansion bar that made electric oon- 
iction with the lamp. 
This was a lielp to the establishing of companies 
Blling electricity. A later meter caused the increase 
r weight in the measuring plate to operate a mechan- 
The means employed was a balance, to the ends 
[ which the two plates were hung. As one plate 
saseti in weight it overbalances the other, and the 
am of the balance descended — at the same time re- 
versing the direction of the current by moving a 
ivitch. Then the other plate received the deposi' 
^niil it descended in its turn. As the beam moved ii 
■corded its motions on dials by clockwork. This 
iras not entirely a new principle, but an adaptation ol 
k device used in electro-plating. 

Other meters have used a moving pendulum, kep 
in motion by electricity, or an electro-motor that lurns 
a governor like that on a steam engine, and raises the 
governor arms against the pull of an electro miignel 
put below, but these are only ingenious pieces ol 
mechanism, using no new electrical principle. 

In 1877 was invented JabluL-Iioff's electric candle, 
an arc light burning carbons in a ni;w way. Before 
tbis time complicated mechanism was used to keep the 
carbons at a fixed distance apart so that thearc would 
be maintained. Jablochoff, a Kussian officer, was 
clever enough to see that the carbons need not be 
priven tandem in order to come end to en<l. lie put 
B carbon rods side by side, separating them by a strip 
' insulating material that would burn away only just 
IBy the arc. Once lighted by the passing of 'I"* cur- 
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part. This burned to a vapor, and as a gas increases the 
light, and is as easy to make as plaster. 

Though still subject to some faults the light was 
practical and serviceable, being much used. The 
main difficulty was to prevent the cracking of the in- 
sulation, for cracks made short circuits, and to keep its 
consuming even with that of the carbons so these 
should have the arc only between the points. 

Each candle burned two hours, and then the current 
could be switched to another. Later this switching 
was done automatically. Usually four were in each 
group — as in the Avenue de L'Opera, Paris, and thus 
burned eight hours. Many improvements in the 
mechanical features were made, and the Jablochoff 
candles found extended use in Europe and to less ex- 
tent in America. 




CHAPTER XIX 

SOME USES OF CARBON 

Another light of the game period is tite Sawyer 
Mann lamp in its earliest form, which used an in- 
candescent conductor in a globe of nitrogen gas but- 
their iinpi-oved lamps were 
not patented until 1880. In 
1 S79 Moses Farmer also 
brought out a carlxin lamp 
iu an exhausted globe and 
lighted a house at Newport 
with it, but all these lamps 
were soon to bo superseded 
by the better form nsing a 
carbon filament invented by 
Kdison about 1S79 and 1880 
and later. 

But earlier than these 
came two improved Icle- 
)>hone tninsmitters — those 
of Berliner and Edison. Ber- 
liner filed application for a 
patent in 1877, but as his right 
The Sawvf-.b-Mann Lamp was contested by Gray, Edi- 
A— iM3nJc«cni ( ..niiuciui. ^^^^ Bell, and many others, 
it was not granted till 1891. To disentangle th« 
claims would require experts and patent lawyers, but 
the credit of tlie improvement is iisnaily given to 
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Berliner and EdisoD. The general principle b^ck of 
the invention lay in the discovery that carbon varied 
its electrical resistance enormously under very slight 
pressures. This is due to the French physicist, du 
Muncel, who found that in the contact of two con- 
ductors the resistance is proportionate to the lack of 
pressure ; and also to Professor Hughes of England, in- 
ventor of the printing telegraph and of the microphone 
in 187S, He discovered in a course of experiments that 
when substances of high resistance were in a circuit in 
loose contact their conductivity became much increased 
by even the slight pressures such as were caused by 
vibrations. On this principle he made his microphone. 
Fixing two carbon blocks in a support made of a 
block of wood he set upright between them a double 
pointed stick of carbon, the points resting in little 
boles in the other carbons. To the supports were at- 
tached wires leading to a telephone receiver, and the 
battery — all three being in the circuit. Now even 
the smallest sound vibrations are found to change the 
resistance of the carbon very greatly, to cuasG maf/ni- 
Jied vibrations of tlio diaphragm in the telephone, and 
so to be heard as if through a magnifier of sound. 
Just as microscope means a viewer of small objects a 
microphone means a henrer of small sounds, and even 
a fly's footsteps could be made plainly audible by a 
proper apparatus. 

Both Berliner and Edison, as well as Hughes and 
others, promptly set to work to combine the induction 
coil and the microphone feature with the telephone- 
transmitter — where the sound-magnifying power was 
sorely needed. It should be mentioned here, as Pro- 
fessor Houston suggests, that the first telephone- 
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and of tlio carbon-button transmitter invented by 
Edison, ami is still in use. It is the apparatus con- 
tained in tbe ftmiiliiir box of tbe telephone that is 
fastened to the wall. Opening the door one finds it 
to carry a diaphragm tn a circular iron frame, and 
this diapliragm is supported on one edge but free to 
move and vibrate. In front of it is a microphone, con- 




nected by means of a platinum rod on a spring, which 
rod touches diaphragm and microphone. Inside the 

box rests an induction coil. 

The primary wire of the induction coil is connected 
with the transmitter, the secondary wire with the line. 

We speak into the mouthpiece, its diaph* 
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brates, and sends induced currents through tEie micro- 
phone and the primary wire of the induction coil. 
The induction coil tiien sends the impulses through 
the line to the other telephone-receiver, being aided 
by a heavier charge afforded by a battery. This 
battery though it operates the induction coil does not 
prevent the currents from being modified by those 
sent through the microphone. 

If the reader will carefully consider the telephone 
from beginning to end, he will see that the apjmratus 
combines in one apparatus the discoveries and inven- 
tions of dozens of investigators of whom we have 
spoken — from the Faraday induction coil (to go no 
further back) to Professor Hughes's microphone. By 
1878 the first telephone exchange was in operation, 
the first long line — Salem to Boston — having been 
built the year before. That was long for those days, 
but the growth has been so rapid that it seems a tri- 
fling distance indeed. 

About 1878 also Edison introduced his carbon-fila- 
ment lamp, having to meet an interference claim in 
the Patent Office with Sawyer and Mann who also 
claimed the invention. But the courts in 1S92 
awarded the invention to Edison, He had begun to 
study the problem in the thorough way that has made 
him so successful, on his own principle that inventive 
genius is "one-third inspiration, two-thirds perspira- 
tion." lie cleared his laboratory of all the telephone 
and phonograph materials, and set to work to solve 
the problem of practicable electric lighting. He 
turned from the arc light becanse it was not possible 
to make it steady, and studied the incandescent light. 
He found it needed an incandescent substance tfal 
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would be cheap, lasting, offer the right resistance, and 
be ductile enuugh to form line wire-like filaments. 
Another most iinportant need for the filament was 
that it should be " refractory " — that is, be able to be 
heated to a very high degree for a long time withoat 
being destroyed or fused. He tried platinum and 
other rarer metals, and made successful lamps with 
platinum filaments; but it was not satisfactory. 

Edison then experimented upon various forms of car- 
bon, and made the carbon from all sorts of fibres, and 
at last resolved to try natural wood fibres, charred to 
carbon, lie sent men all through the world, collected 
L fibres and tested them patiently, at last choosing bara- 
B boo. Then the different kinds of this wood were tried 
V: In the same exhaustive manner and a certain Japanese 
I bamboo selected as the best. But this was a little 
plater than the period we have reached. 
^L In 1S79 the first actual electric raihvay run from a 




wntral station was established in Berlin, but only for 
diowing the principle at the Industrial E-thibition. ]t 
^.iras a circular track about 1,000 feet long, and the 
lynamo supplied about five horse-power. This rail- 
(ray had been designed by Dr. Werner Siemens at the 
quest of a mining company. It carried thousands 
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•.sjifrs. Bw tte fUMt office granted tu Stephen Q-v^ 
y-wvU « tSn a fkUBt, based oa a caveat tiled in 
t>>> SiV vfMMiaf a nilirky bv a current conducted 
Ur^-4^ Ik* iHii to a aiotor. Tbe Field and Edison 
^^»nM«k kMi cariMT joiaed forces, and in 1S»1 and 
l>c>j n^w^^ea tkevdesifBS were run in Stockbridgs 
A-tvi ta CtaadO «1 a Bailway Exposition. The carrent 
t''Ji^::&i»Al ^T a ihaBl-voaDd djDaino followed a centnl 
:a:ru rai^ operated a BMtor on the same plan as tbe 
,-v ■,(■■•,■, J-,; :~<a ty! ;: r-ai^l to the station byilieotber 
■ -^ A;; tbt^rv ixtTv no commercial street railivajs 

^.,. ■ ■ .- ■ :""■:; jnd I'^SS other inventors liaJ 

-.V . ■. - ■■. ■■ -,.-«: M i-v for bringing the current froia 

- ... .n to the motor, and tbe chea[mess 

•••is , : :s s^'s^i-.u ^inCroilui.ed by Dr. J. K. 

, . ■■, -; ..i:' .i . was to give it an enormous 

.L,; ..,■■. ..^v, : •,:^ b".:'-s\v"> iroUey-wbeel was con- 
".v..\: ■.,- : .• ■■■.•■■r :i;roni:b a flexible cord, antiis 
s,, ,: : ■ .•.\;- '.-. >--A-,\; we!! only at moderate speeds; 
l-.:: :.-",;s ■.' i- :\':-tT;;;inor of ilie ]x)Ie-trolley that 
;-..s -.v.r.ovl :>' <.''.ve ii:o [irv.>blem of cheap electric 
iwi,;-; :■.■■: '.,\-a\ :v.il\\<: ,i!ui .-iaintrbaii lines. 

Ii "-IS ;,:>;". aiUT l^^I, ilie vtvir of ihe first general 
K!iv:v.>' r.'rii;i-t's,-i in l\ir;s that the electrical standard 
units bei,Mn to eome into use all over tbe world. The 
systt'iii is based on the metric system, and is built up 
out of Uie nietrieal units tiie centimetre, tbe gramme, 




1 the second (of time). Hence it is called by the 
*itials of tliese words — the " C. G. S. S^'stein." Tlie 
Qortest slateiaent of tlie system is by means uf a 
able, Tliese iire the C. G. S. units:' 

The Unit of Force=|)ro[»els one Gramme one 
Centimetre in one Second=l dyne. 

Work unit=l dyne X 1 centimetre=l erg. 

Quantity unit=quantiCy conveyed by 1 dyne in one 
tecond ( — 10 coulombs). But these are inconveniently 
imall for practical work, and therefore they have been 
■epiaced by practical units derived from them, as 
bllows : 

The atajyere^-fa the current strength unit in the 
J. G. S. system. 

The ««;(= 100,000,000 (sometimes written 10" mean- 
ng 1 and 8 ciphers) C. G. S. units, is the unit of elec- 
ro motive force, 

Th^ oAwi=the resistance of a conductor that 
fill produce one ampere from one volt=10' (or 
,OOU,000,000 C. G. S. units). 

77itf couhmb^the quantity carried by unit current, 
ae ampere in one second. 

Philip Atkinson in "Electricity for Everybody" 
[ives comparisons by which the general reader may 
;et some definite idea of these practical units — the 
mly ones he is likely to meet with except in special 
nvestigation. The volt, he explains, is very nearly 
.926) the electric pressure of one Daniell battery cell ; 
jid it must be remembered that the pressure is the 



r » full table, see "Standard Dictionary " ontler "unit." An 
lent statemeDt and eiplaiinticin ot these units nill alw> be foand 

B Story of Electricity," by Johu Muaro, piiljlished '■ 
B&Co. 
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same whatever the size. The oAm is about the resist- 
ance of an ordinarv tbermouieter column of Quick- 
silver iocreaaed to nearly ili^ inches in length at 32" 
Fahrenheit temperature — freezing poinL Or, we may 
quote from Professor Houston, it is equal to the resist- 
ance of one foot thin (-Kt American gauge) copper 
wire, or two miles of ordinary trolley wire — as we 
have before said. And the mpiri-v is the current a 
Daoiell cell would send thr igh such a column. A 
coulomb Would be the amou ; of electricity flowing 
along such a column from the iniellcell inonesecond. 

For the sake of completeness the following units are 
added from Alglave and Boulard's " The Electric 
Light." They are merely defined, not fully explained, 
as ibey are found in modern dictionaries: 

Farad (from " Faraday ") is the unit of cajxivUy— 
7— ' — ( . <;. S. unit "\ cii|iacity. The Microfarad is 
oiiL-inilHuiUh Ufa Farad. 

Calnrie (frutu " (.'aloric "), unit oi l«it--^-i:.iyA{),- 
00' 1.1 'i»t ergs. 

Jniil.' (fnun the name), unit of ;(V/>^----10,ui.'0,0it0ergs. 

"WaU (from tliL' nanif), unit of ^"-ic't*>-^lu,OUU,000 

T4f> \V;Uls - onf (Englisli) horso-power. 
",'.'>:<.':> Watts one (Freucli) force de cheval.' 
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To give aQother simple table, derived from the re- 
laliun of the coiiiinuner units: 

E. M. F.^Voll=AnipereXObm. 

Resistance— Olim=Volt-i- Ampere. 

CurreDt=Ampere=VultH-Obm. 

Quantity=Coulomb— Ampere Xsecond. 

Capacity = Farad =Coulomb-i-Volt. 

The farad is the capacity of a conductor capable of 
holding one coulomb at one volt potential. 

'Work=Watl— VoltXAmpere— fii horsepower, or 
•4.25 foot-pounds a minute. 

Kilowatt— 1,000 watts=nearly IJ^ horse-power. 

The prefix Kilo is used in the same way to multiply 
other quantities, as Kilerg^=l,UOO ergs; Kilo-amp6re ; 
and soon. Other units exist and find special use, but 
all are derived from some of those mentioned above. 
In practical handbooks tables are given showing the 
electrical qualities of wire and so on. Thus we find 

lat wire of pure copper atout 2>^ millimeters in 
iiameter (2.588) gives one ohm resistance when 1,000 
feet long, and may be safely used with current of 
about 20— io arapdres, depending on whether it is in 
open or " concealed " work ; and that hard drawn cop- 
per wire guage No. 10, B. & S., weighs 104 pounds lo 
the mile and offers 8.7 Ohms resistance per mile. 
These figures are taken from a pocket "Compend of 
Electricity," by J. A. Beaton, published in Chicago in 
|901. 

Enough — perhaps more than enough — has been said 
to show how the science of electricity has created a 
new set of words for the languages of the world, 
though fortunately by international comity, these 
rords are alike in all languages. One i ' ' ■ 'ancy 
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electricians to converse in them to a certain extent, 
lliuugh ignorant of each other's native tongues. Thus 
one might point to a high hill and write on a pad, 
" 100,000 Ohms ! " to indicate it would be difficult to 
clinih, while the other might reply by pointing to bis 
sturdy legs as capable of a " Kilowatt." 

But, seriously, it is of enormous value to the world's 
progress that scientists shoii .d be able to make their 
work easily intelligible to the whole world by a com- 
mon system of units, and these also carry with them 
similar names for electrical instruments and similar 
diagrams and symbols to explain the action of elec- 
trical apparatus. 



CHAPTEU XX 
ELECTRICITY APPLIED IN ALL FIELDS 

Is order to proceed to tbe year 188.^ only a few 
tems of progress need bo mentioned. An expenmen- 

l telephone line was limit from New York to Boston, 

id proved so successful lliat within three years it was 

[uipped and opened to the public. 

A second congress of electricians was held in Paris 
Sn 1884, condrtned the standard units, and adopted the 
Farad, possibly at the suggestion of Sir Werner 
BiemenB who named the "Watt." There was added 
to the methods of conveying current to a railway 
biotor the use of an underground system, in which the 
oondactor of the current was in a conduit. Thus in 
J683 there was more than a beginning of practical 
electric railways, for Leo Daft of New Jersey had 
operated a small railroad between Saratoga and 
ICount McGregor two ye^rs before that ; and in 1885 
tbere was a suburban line two miles long from Balti- 
more to Hampden, also designed and constructed by 
>tiie same electrician. In the year 1886 the niilway 
iperated on the system of Charles J. VanDepoele was 
ipened in Scranton, Pennsylvania, and by 1888 there 

'ere " twenty-three lines having a total length of 
ibont a hundred miles," says Franklin L. Pope in 

Eteotricity in Daily Life." 
Between 1885 and 1830 there was similar progress 

I other electrical industries. Eliliu Tl -nade 

223 



2a* ELECTRICITY APPLIED IN ALL FIELDS 

use of the intense beat of the electric-arc for welding 
metaU, bis earliest patent being dated August 10, 
lS?t!. lie used a current of small voltage but high 
ain|jerage, and by a number of inventions adapted his 
process to all kinds of work, using transformers to 
control tbe current, clamps to fasten tbe work together 
until welded, and so on. Tbe process is compticattd, 
but contains no really new electrical principle, being 
merely a combination of ingenious melbods of apply- 
ing the current in tbe right condition and shutting it 
off when the work is done. Tbe process succeeds 
readily with metals that do not weld in ordinary 
methods, and can be applied — as in welding together 
the already laid rails of a railivay — almost anywhere. 

Here again is a whole new art that would require a 
volume if not a library to itself, for it includes electric 
welding, forging, casting, and soldering. As has been 
well said in " Flame, Electricity and the Camera," the 
control of the electric current has not added to man's 
powers so much as multiplied them, " As we trace a 
few of the unending interlacements of electrical sci- 
ence and art with other sciences and arts," says the 
author, George lies, "and study their mutually stimu- 
lating effects, we shall be reminded of a series of 
permutations, where the latest of tbe factors, because 
latest, multiplies all prior factors in an unexampled 
degree. . . . This principle stands forth in that 
latest accession to skill and interpretation which has 
been ushered forth by Franklin and Volta, Faraday 
and Henry." 

So, as it is impossible to write the history of all arts 
at once, we cannot tell how all of them have been re- 
created by the power to carry electricity to any work 
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and then to cause it to do work in tlie form most con- 
venient — whether as electric vibration, chemical 
action, heat, power or light; whether as tool, de- 
tector, regulator, or destroyer. 

We have given somewhat full explanations of the 
earlier electric inventions, especially of such as enable 
the reader to understand the principles that underlie 
later applications. But the increasing complexity and 
broadened field of modern electricity is multiplied in 
geometrical ratio. Each invention gives rise to dozens 
more, and we are therefore compelled by our limited 
space and by our purpose, to pass by with only a hint 
as to their method of working countless minor de- 
vices by which inventors liave brought electricity into 
use to serve mankind. 

Still we believe that with an understanding of the 
principles already explained herein, the reader will be 
able to see the general idea of moilern electric devices, 
and by careful examination of the current path, as the 
electro motive force traverses its condacturs, coils, 
and magnets, and is changed to light, heat, or me- 
cbanical motion, to see why the effects are produced. 

In the early days a few popular lectures would put 
any one in possession of the essential facts known 
about electricity. Now the training of an electrician 
requires not only a liberal education from the begin- 
ning, but daily study to keep up with the progress of 
each specialty. A prominent electrician is said to 
have remarked recently that if he simply kept himself 
informed as to the constant additions to his science, he 
could find time for nothing else. Besides, it is not 
■ necessary to carry in one's head a great mass of facts 
that are instantly available through reference- books 
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whenever needed. H. G. Weils remarks witli equal 
wisdom and wil that most facts '' keep better iu ibe 
books than in the brain." The s|)ecialist tviU Lave his 
own library, the occasional student may consult the 
public libraries, and every one should bave at band at 
least the small handbooks that can be bougbt for 
half a dollar or less. These will be available at any 
moment, and in general they are very good and very 
helpful in understanding such electrical terms and 
phrases, or such new inventions as are part of the 
news of the day. 

After reading even so general a little book as this 
is, no one will be so foolish as to look upon electricity 
as a magical creation of power. Like all the forces 
with which man deals, electricity must be paid for 
either in work or in ingenuity of application and con- 
trol. If we make a dynamo to run a motor, we must 
supply energy to the dynamo by steam, wind, water, 
or chemical power. Even a waterfall, power in a 
most usable form, must be harnessed and directed in 
order to change its motion into that rotary form we 
find most useful ; and as yet there is no way of arriv- 
ing directly at any great reservoir of steady electrical 
energy. That may some day be found in the light 
waves that come from the sun, and on Clerk Maxwell's 
theory that light and electric waves are different 
manifestations of the same energy, the taking of elec- 
tricity directly from sunlight may be looked upon as 
possible. But meanwhile electricity is used as a./orm 
of power, and the jrawer must be taken from natural 
forces before it can be electrically applied. 

An interesting story of the great philosopher 
Faraday illustrates not only his wisdom but bis coni 
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sense. It is said tlial an inventor exhibited an 
trie macliine to a number uf capitalists and ex- 
including Faraday, and made great claims as to 
commercial value. Then he started it, and caused 
,pge fly-wheel to revolve rapidly while his specta- 
gazed. Faraday picked up a broom, s 
handle against the edge of the wheel. The wheel 
iwed down, "hesitated," and came to rest. Fara- 
left the room in silence, and very likely the 
ipitalists followed. 

He Itnew that electricity did not create power, and 
those days of voltaic cells, the electric machine was 
what it has since become. 

ut it has been truly objected by a thoughtful critic 
Faraday did not at all appreciate the wonderful 
libilities in the device he was viewing. He — great 
18 as he was — did not see that a change in cer- 
conditions was to make the electric motor a 
imercial possibility. 

> return to our story, the year 1887 was notable 
only for practical progress but for advances in 
teorctical study that wore the foundation of great 
ipruvements later. The telephone was rapidly being 
:tended as its instruments were improved and as the 
iblic became educated in its convenience; and the 
lectric motors and electric light were also firmly es- 
tablished as everyday matters. But a new name is 
met with, in the electrical field, in connection with the 
theory of dynamos and motors, and of electric wave- 
ition — that of Nikola Tesla. In 18S2 he made an 
'entioQ which has become known as a " rotating 
jnetic field," but Professor Kouston declares that 
gome portion of the credit must (as usuaJ) ' "led 



t beoi 
K^ti 

BttKg] 




mciurf stja&i u. trj of the oiJd iTpes js effirJencT. 

Til— .r ni.'iort iiLve laT'Sr bwn ctl^fd -icJaoiion 






j-Trr:* :n.">iii 

■ ■• ;. r^ ;lt sii:r,r d_rfc-::,-i. Now ie: iwo 
■■■ : : -J --'-ri:! l-r s-;:-..Tvl £,-;i -n-iti.iran-n at 

■ ■■■ .. - -■.:■: ivi'ts — ssr, ^^^Tih aiid Souih, 
: ;.■ . '<''--■. — i.j iLfli wh^a one is at ;:s highest 
-' - ■ ". . T . : _.-T- ;- at its lo'^es:, Th.i: is, one encers 
'. :. r> a". > : -.i.e otber etiiers a: E. leaves at W. 
-J :.T ::.- r:-:; ilie-J. and a magnetic neeiile placed 

■--.--■.-■•. ar.'i free to rotate. Then as tbe first 
■- ■ ■. -r.-.-.-r-i a! X, tlie needle is moved to turn 
■"^ -■. : ■■y. ::.:> current is now losing |Kiwer. and 
::-.x: Lj'r^ni influences the needle to turn furtber 
- i -.J cr-'<i tiiat current (by Oerstetl's deflection 
:-::-tr>. It moves stilt more, and is thus brought 

■ :;,e iotlDence of the tirst current reversed, turns, 



ELBCTEICXTY APPLIED IX ALL FIELnS 229 

s within the field of the second current re- 
j and so on. 

ihort, all around the circle, the current is supplied 
t such direclioQ and force as will keep the needle 
turning in one direction. This will be easy to nnder- 
stand if we suppose four electricians to be standing at 
the four quarters of the ring with positive and nega* 
live live wires, and at each quarter to apply the right 
current to keep the needle deflecting in one direction 
— that is revolving. But what the electricians could 
do by hand is done with enormous sjieed mechanically 
by the motor-mechanism. So the needle keeps oa 
turning. 

It is therefore a motor. But in the actaal machine 
instead of a needle, another ring free to revolve is 
put inside the first or " stator " ring. And this second 
or "rotor" ring is so wound with a number of closed 
coils of wire that when electrified by induction cur- 
rents it revolves as the magnet would — but at 
enormous speed. 

Such is the polyphase motor with two currents, 
called the diphase motor. But the same principle can 
be applied to smaller parts of the stator ring than a 
quarter, and so we have the tripbasc or multiphase 
motors — in which currents enter the ring at many 
points but always in the direction that will keep the 
rotor ring turning. 

It will be seen that, given the wires conducting the 
necessary current.?, only two parts are necessary in 
these motors and dynamos — the rotor ring, and the 
stator ring, each properly ivound. In fact it seems as 
if simplicity could go no further ^ unless we should 
liable to make electric fields without any condnt 
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at all — simply currents wLirling in tbe ether! An 
these motors can be placed anywhere that a pulley c 
the same size would go — at the top of a pule, agatnslt 
a ceiling or wall, or in a pit. Used as dynamos b 
give electric current, they may be placed on a sbaft, 
like any wheel — and are thus especially fitted to b 
used with tbe turbine water-wheel, as at Niagara. 
They do need, however, a starter when of largo! 





The Polyphase Inducmok Momb (WEatiN 



size ; but this means only the momentary patting of 
transformer in the circuit by means of a switch, that 
will supply a smaller voltage for a while. The reason 
they need to be started will be evident on reflecting 
that the currents are applied successively, and if 
were turned on at once, the moment lost in overcc 
ing the rotor's inertia would cause simultaneous 
stead of successive action of the currents for thsl 
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oriieiit. It would be tike a steam engine wlien on 
a "deatl centre." 

The jtoly|ihase machines have no brushes to waste 
^xiwer in sparks, no cuinrnutators to be injiirod, no 
connections where arcs can Lie funned to heat or burn 
the apparatus. They are almost ideal machines, need- 
ing only a ready means of regulating their speed. 
And this bas already been furnished in more or less 
perfect form by devices for regulating the currents 
supplied to tbemj 

Of course the direct current motors, the alternating 
current motors, and the polyphase motors will each 
eventually find the use for which it is best adopted. 
For it is universally true that very few machines are 
entirety superseded by later inventions, being only re- 
placed for particular uses. 

It will be remembered that in 18+5 Faraday had 
observed that polarized light was affected by mag- 
netism — that the rays were turned about an axis, or 
rotated, by a magnet. Twenty years later the con- 
nection between light and magnetism or electricity 
was expressly asserted by Clerk Maxwell, who found 
that the speed of light waves and that of electric 
waves were the same. 

Twenty-two years later, in 1887, another proof 
was found that the light energy and electric energy 
were identical or closely connected. By means of a 
device for enormously increasing the reversings of an 
electric current, the investigator Hertz produced cer- 
tain waves in the ether which, though caused by elec- 
tricity, could be reflected by a mirror, could be sep- 
arated into their simple waves (or their elements, 
much as light is separated by a prism) and would even 
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cast Bhadoirs. As Mr. Bowker says in Lis article, 
"Electricity," publisbed in Jfarjyer'a Magazine, "In 
short, though protlucod by electricity, they acted like 
light ; which seemed to confirm by experiment the 
theory of Maxwell," 

Heinrich Hertz was born in 1857 at Hamburg, and 
became a professor at Karlsruhe and afterward at 
Bonn, where he died in 1894. Though he is credil«l 
with the discovery of the identity of light and electric 
waves, it should rather be said that by experiment he 
furnished the proof that certain electric waves could 
be made to follow the same laws as light waves. It 
will be remembered also that in speaking of Professor 
Henry's discoveries we noted that he discovered the 
discharge from a Leyden jiir to be an oscillation, or a 
to and fro movement in opposite directions of the 
ether. Clerk Maxwell had shown that if these oscil- 
lations could be produced at certain given rates these 
waves could be made to act like the waves of light, 
sound and heat. 

As stated by Sir Oliver Lodge, Maxwell's dis- 
coveries amounted to a proof, or almost a proof, that 
light is in fact an electromagnetic disturbance. There 
are to-day so many proofs that the two forms of 
energy are identical that we may even assert the fact 
and add that every day brings new evidence to com- 
plete the proof. 

We shall not attempt to go very deeply into the 
question of ether waves. We must take for granted 
the conclusions of the greatest experimenters thai 
there exists throughout space and extending through- 
out the substance of all kinds of matter something 
known as the "ether," which is described as a medium 
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without weight infinitely, more subtle than air, capable 
of receiving and transmitting vibrations at different 
rates. These vibrations, known as ether waves, vary 
in direction of vibration, in speed, and in extent. 
According to their extent, their speed and their direc- 
tion, tbey produce effects which give rise to what w© 
know as heat, light, electricity and magnetism. They 
are also produced by all forms of mechanical action, 
and in fact are believed to be caused by every form of 
motion and every manifestation of energy. 

Sir Oliver Lodge in England a few years before 
Hertz's experiments began had discovered that by 
■ rapidly charging and discharging a Leyden jar in the 
I neighborhood of another similar jar, but without any 
i conductor between them, he was able to charge the 
' second jar electrically. But this effect was produced 
only between jars that were so far alike as to be con- 
aidered in electrical tune with one another. In order 
to bring them to the same electrical harmony, Lodge 
devised a method of changing the dimensions of the 
second until it responded to the first, just as in a 
musical instrument a string may be tuned so as to re- 
spond to another. 

A very similar method of procedure was adopted 
by Hertz, who devised an effective apparatus for set- 
ting up and for receiving oscillations. Before describ- 
ing the nature of his devices it will be well to see just 
what place in the art of electricity they occupy by 
making a sort of tabulation showing the general 
progress in knowledge of electricity. 

The first discovery made by man was that certain 
bodies were in a state known as electrified, that is, 
they were in a state that would under proper condi- 
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tioDs attract or repel certain substances. Tbis state I 
was that of electricity at rest, or static electricity. 
Next it was founil tliat by means of supplying paths 
or conductors the electrical energy could be conveyed 
along the conductors to other tbiugs. Tbis was elec- 
tricity moying, or "current" electricity. Tbe thin) 
step was (o detect in magnets electricity constantly 
moving in a circular path, or " rotating" electricity. 
Man learneit to understand, and tben to produce at 
will, and to some extent to govern, these three states. 

The next step was tbe discovery of still a fourth 
state where electricity, or the ether wave-motion, was 
in vibration or radiation ; that is to say, the disturb- 
ances iu the ether appeared in the form of to-and-fro 
motion and were transmitted through space without 
any conductor. 

This classification of tbe gradual steps of electrical 
science is quoted from Sir Oliver Lodge by Charles R. 
Gibson in his " Romance of Electricity," and will en- 
able us to understand the great importance of the step 
forward made by Faraday's discovery of the electric 
action on light waves, by Maxwell's wonderful theory 
of their action and their identity with light waves, 
and Lodge's and Ileinrich Hertz's invention of prac- 
tical means for producing electric waves, or electricity 
in this fourth state. 

Hertis's apparatus consisted of a large induction 
coil prepared so as to produce sparks ; that is, the ends 
of the secondary coil, or that in which the current is 
induced, were connected to brass balls or knobs mov- 
able so as to be placed at different distances from one 
another. These knobs can be adjusted at just the 
riii;ht distances apart so that tbe induced current H 
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strong enougli to send a spark across from one to the 
other, tbat is, to uvercoiue the resistance of tbe air 
gap between lliein. 

An induction coil and a Leyden jar, as has been 
said, are electrically similar contrivances, and tbe dis- 
cbarge from a coil, like that from a jar, is an oscilla 
lion setting up waves in tlie ether, as Henry discov- 
ered in 1842. It was Hertz's theory that these waves, 
if they could be made to strike upon a conductor of 
the right sort, should set up waves around it. He 




Hertz's Dktectiir 



bent a copper wire into a circle of about sixteen inches 
diameter, but instead of joining the ends put two 
I copper balls on ibeTn, so that if the current, or suc- 
i Oession of waves, were to pass along the wire it might be 
I visible as a spark when it jumped from one ball to the 
[other. This he named the "electric eye" or "de- 
I tector." The reader will remember that the object of 
se round balls is to jirevent the soundless discharge 
|Uiat occurs from points, (as discovered by Franklin), 
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and by causing a spark to make the electric action 
visible in ligbl. 

When the iiiductioa coil was excited so as to pro- 
duce sparks, this wire was held a few feet away by 
means of an iosulatBd handle. The first experiment 
produced sparks in tlie air cap at the ends of the ring, 
but these were so minute that they could be observed 
only in a darkened room. 

The distance at which this Uertz detector acted was 
not more than a dozt;n feet, and yet in this experimenl 
lay the principle that has created wireless telegraphy. 

Tlie next step necessary to make Hertz's appamlus 
practically useful was to apply a discovery that hasal 
ready been noted, namely, the fact that iron filings, 
although they act as a very poor conductor when in a 
state of loose contact, joined one another (because 
magnetized) to some extent as soon as they were 
brought under electrical influence, and thereby formed 
a conducting path. 

It will be remembered that Itfoi-se, in order to ex- 
tend the action of his telegraph, inrented the relay i" 
which he used a weak current to move a small bur 
that closed the circuit of a stronger current. The 
same idea was applied by Professor Branly to causintj 
weak Hertizan waves to set in action a strong current. 
He had only to fill a small glass tube with iron filings, 
not packed closely, and to place this tube by means of 
a wire at each end in an electric circuit. 

The discovery of the coherer, as this tube of iron 
filings was called, was the result of a number of re- 
searches and experiments beginning as far back as 
I85n. These experiments had shown that the passing 
of au electric spark between two conductors placed 



^ 



ELECTRICITY APPLIED IN ALL FIELDS 237 

closely together seemed to make a. sort of permanent 
bridge between them. This was studied at first ia re- 
lation to certain devices known as lightning arrest- 
ers, which consist of a gap left in an electric circuit 
wide enough not to be passed over by the ordinary 
charge but not too wide to be crossed when a strong 
current such as a lightning stroke enters the circuit. 

Sir Oliver Lodge, in 1889, modiSed the nsual form 
of lightning arrester — which was two saw-toolh edged 
plates opposite one another but not touching — replac- 
ing ihein with two metal balls. He observed that the 
spark having once passed between these balls, which 
must have been almost in contact, the current con- 
tinued la pass from one to the other. These devices 
for detecting electric waves were used for some time 
before they were adapted to the sending of signals, 
and the Branly coherer seems to have been employed 
mainly for detecting electric waves, whether given by 
an apparatus or existing in the air. But the conuiicr- 
cial use of the Hertzian waves in telegraphy was not 
to come UQtil after some years. 

We shall obtain an excellent idea of the extent to 
which electricity had entered the commercial world by 
examining some of the statistics given to show elec- 
trical progress by The World Almanac for 1891. The 
amount of money invested in electrical industries in 
the United States at the end of 1890 was computed to 
be six hundred millions of dollars, one-fifth of this in 
telegraphy; eighty millions, more than one-eighth, in 
telephones, fully one-half, or three hundred millions, in 
electric-light and power companies, and the rest in 
electrical supply companies. Of electric roads there 
rVere a hundred and thirteen in operation, forty-five 
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more being constructed. The suiiscribers Lo teleplionen 
excbanges nuinbereil one hundred and eigUty-Iive 
thousand, using over four hundred luiilJon counectiuiis 
a year. The number of incandescent lights was over 
eight hundred thousand, aud of iirTc-ligbtsoveriwenty- 
five thousand. 

Conversation by telephone was carried on over a 
distance of seven hundred and fifty miles ; the fastest 
time made by electric railways was a utile a niinotct 
twenty miles an hour was a usual speed in street rail' 
ways. The most powerful motor then in use was of 
seventy-live horse-power. 

The novelty of that day, though it had been in us^ 
for a year or two on one railway, was telegrapbinl? 
from a moving train- This apiiarent marvel was atJ' 
coniplished without great difficulty by the useofai' 
induced current. The means of proce<lure had been 
first suggested as fur back as 1853, but did not com^ 
into practical use until about 1887. The method of 
telegraphing is as follows: Inside any car is carried an 
induction coil that can be thrown into vibration by a 
maUe-and-hreak contact, like the Ruhmkorlf coil. 
When this is acting it induces a current in its second- 
ary coil. This current is connected to the tin roof 
of the car, which also is thus electniied by an aller- 
nating current, first positive, then negative. The 
making and breaking anil change in force in this cur- 
rent cause an induced current to be set up in a con- 
ducting wire stretched above and parallel to tbetrack, 
Ijut of course not in contact with the car. A tele- 
graph key of the ordinary sort is now used to start or 
stop the induction coil in the car. When it is closed 
the alternating currents are produced, and when open 
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they cease. A long closing of the key makes a dasb, 
I abort closing a dot, an opening of tbe key makes a 
>ace, and a receiring instrument of the ordinary kind 
Ming connected ai any station trtth the wire beside the 
track can receive signals precisely as if it were in an 
ordinary telegraph circuit. A telephone receiver is. 





lowever, used as more convenient, and the signals re- 

eived by bearing, ordinarily. 

The transmitting of signals to the car is only a 
reversal of this process, tbe induction coil in the station 
Iveing connected with tbe wire stretched parallel to the 

silway lines. Currents set up in this wire induce the 
DurrentA in tbe car roof, thereby affecting a telephone- 
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receiver attached ty tlie roof by a wire and. used ia; 
the car as before. 

It will be seen that for a Bliort distance thisis reallj 
a foriu of wireless telegraphy, since the waves be- 
tween car and line go ilirough space without a coo^; 
due tor. 

The foregoing description has been based upon an 
article in ^'i'cri/tner'e Magazine fur 1SS9, and the con- 
cluding paragi'upLs of this article plainly foreshadow 
the possible extension of wireless telegraphy to some- 
thing like the systeua we know to-day, tUougb the 
author, Charles M. Buckingham, seems at that lime to 
have thought about half a mile the limit within which 
such comnmnicalion was then possible. It is true, 
however, that he speaks of certain earlier experiments 
wherein parallel wires were used to induce 
in one another, as perniitling conimunicalion for a 
distance of from one and a quarter to six miles, from 
the Isle of Wight to the English coast in Hampshire. 

It will be seen that the missing element in extend- 
ing the operation of this system was the relay, namely, 
some device that would detect faint electric waves and 
use them to set in action a stronger current. This was' 
to he supplied, as we know, a few years Inter. 

Also, from The Worlil Almanac of that year, we 
learn that there were about nine hundred and fifty 
subtoarine cables then in use, covering a distance of 
about a hundred and eighty thousand miles. 

In ] 891) the most important events were the general 
adoption of electric light in a number of great foreign 
cities, notably in Rome, Paris, Milan, Tours and, 
Marseilles, and the beginning at Niagara Fsiils of Ihe 
work destined lo convert the energy afforded by 
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cataract into electric currents for tmnsmtssion lo a 
distance. 

The progress in electric railways continued in in- 
creasing ratio. The earlier motors bad been most un- 
irtain in their operation, not economical nor partic- 
nlarly well adapted to car-traction. The causes of 
failure were various, but among them may be men- 
tioned the burning out of the copper brushes used 
upon the armatures, causing a very great expense for 
their continual replacement, the uncertainty of the 
methods of control ado[ited for regulating the high 
power transmitted to the motors, and, generally, tlie 
inferior nature of the motors themselves to those de- 
ised later. 

A very complete and exhaustive account of the 

'arious experiments made in securing the right con- 

litions for railway motors and their application will 

found in two papers written by Frank J. Sprague, 

noted inventor in this line, for The Century Maga- 

me, July and August, 1905. It adds to the interest 

if these articles that the author is fairly to be credited 

with perhaps the larger part of the inventions that 

,ve given us the electric-railway systems existing 

throughout the country to-day in the inter-urban 

trolley roads. Those who will give themselves the 

pleasure of reading Liiese articles will lind in them 

another illustration of what should be an accepted 

axiom, "The way of the inventor is hard," and will 

appreciate that between the theory formed by the 

cleverest inventor in his laboratory and the application 

of the same theory to the actual conditions met with 

outdoors there is a wide and howling wilderness 

li ravenous facts hardly less difficult to over- 



242 ELECTKICITY APPLIED IN ALL FIELDS 

come than tbe array of dragona and n-icked encbani 
that in tbe fairy stones are conjured up between 
advenlurous prince and the imprisoned princess. 

From the earliest experimental car that upon 
specially built track a few hundred feet long in Berlii 
conveyed a dozen or two passengers, to tbe em 
trains that endlessly follow one another along thfl 
tracks of tbe New York Subway, packed to overflow- 
ing night and morning, there was a bill of difHculty 
only to be surmounted by skill, patience, and marvelous 
ingenuity, and tbe story of the surmounting of this 
hill is well told in the articles mentioned. Another 
good reason for referring to these articles is the fine 
series of illustrations showing photographs of electric 
railways from the crudest beginning to the modern 
forms. 

One hesitates to chronicle as an advance in civil 
zation tbe adoption of the alternating current to thi 
killing of criminals. In August of 1S90 took place the 
first electrical execution at Albany. The use of the 
current for this purpose was advised after due consider- 
ation by an eminent board, but it has been fairly said 
in criticism that tbe only excuse made for this form 
of execution is based upon a pure assumption, 
cause death from the electric current is apparent 
sudden, we assume that it is more merciful than ol< 
methods, but despite expert opinions we cannot kntnff^ 
this ; and the only reason for being glad of tbe adop- 
tion of this method of execution lies in the fact that 
the popular interest in its novelty led to the publication 
of accounts of the first execution in such detail as to 
bring about a public sentiment demanding that this 
publicity should be stopped. A law was passed for- 
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bidiling more ihan the i»ubUcation of the fact that the 
criminul had been put to deuth. It is sincerely to be 
hoped that heTure iimtiy years the death penally itself 
will be abuliiihed. 

PThe year 1891, besides further study of the Hertzian 
waves and the patenting of the Berliner and Edison 
telephone transmitters, was notable for the successful 
transmission of electrical jwvver in Germany, some- 
thing under eighty horse-power being transmitted from 
falls of the River Neckar. London in this year also 
followed the example of the Continental cities already 
mentioned in setting up permanent electric lights, the 
lirst in that city being in Victoria Street. A step 
tending to make the eTeiitrical units better known 
among experimenters was the printing of the report 
of the Electrical Standards Committee, an excellent 
preparation for the fuller dispus^ion that was to take 
place at the Chicago World's Fair two years later. 
H By 1892 the amount investeil in electrical work in 
B^be United States had increased by another hundred 
^■million dollars. The number of telephone connec- 
Ktions used also had increased by a hundred millions 
Bwithin two years, showing the enormously rapid spread 
Hrof the telephone as a means of transacting business. 
■ The mileage of electric roads had reached about four 
P'tbousand, and the use of the underground conduit for 
conveying the current was rapidly increasing. 

On October 18, 1892, Professor Bell sent the first 

message by telephone from New York to Chicago. 

In speaking of this accomplishment an article in 

tf Scribtier^a of the present year (1906) aska, "What 

tater marvel is recorded in ' The Arabian Nights ' ? " 

Another event of the same year, 1901, the impor- 
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tance of wbicli was hardly then appreciated, was the 
exhibition by Nikola Tesia of his alteraatiog current 
motor at the Royal Institution of London. This is a 
milestone from which to estimate the growth of the 
multiphase motors which began soon after to compete 
seriously with the direct-current motors then generally 
in use. 

Another discovery, the development of which even 
up to our oWQ time has been far from exhausting its 
possibilities, was that of Arons, who showed that mer- 
cury vapor enclosed in a vacuum tube emitted light- 
waves, a discovery later developed practically by 
Cooper-ilewitt of New York in his well-known mer- 
curial vapor light. As Arons does not seem to have 
used the discovery practically, we shall postpone an 
account of its nature until we consider the Coopop- j 
Hewitt lamps. 

In 1893, the year of the World's Fair at Chicagl^^ 
there was at that fair a meeting of a great electrical 
congress, and the exhibits in the electrical building 
gave a very good summary of the general state of 
electric science at that time. 

From an article in The Cosmopolitan describing t 
wonders of the World's Fair at Chicago, we may g 
an idea of the awakening of the world to the achieve- 
ments already brought about by the applications of 
electricity and to the possibilities promised. Rightly 
enough, the author, Murat Halstead, gives first place 
in describing the wonders of the fair to the raarvelooa 
effects of the electric lighting, which must have im- 
pressed every visitor with the knowledge that man- 
kind had really doubled its hours of light. The reign 
of night had been overthrown. It is bard for us to - 
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realize wbat it means to mankind to have secured the 
ability to make use of tbe hours of darkness precisely 
as if the sun was shining, to convert a vast area into 
, pleasure-ground available by night as well as by 
day. 

He next 8|>eak8 of tbe electric launches, so impres- 
sive in their swift and silent power ; the railway cars 
that were moving by the same magical, soundless, 
and resistless force. Rightly, too, lie speaks of the 
telephones that enabled one to " talk to friends a 
thousand miles away and to enjoy the familiar charm 
of their voices and the magnetism of their presence." 
All these marvels were due, he says, to " the same 
mighty, subtle, delicate, formidable agency and mys- 
tery that permeates the atmosphere which compasses 
the universe." And the grent wonders he describes 
are actuated by " but one breath of the all-embracing 
vital air, one sparkle of the surf that is the boundary 
of oceans, the great deeps beyond, unfathomable, but 
one may believe not unsearchable, not past finding 
out, but holding their treasures for the swift unfolding 
of the slow centuries." 

While we are discussing the wonders of electricity 
, with a mind mainly bent upon the method of their 
\ working we may well be glad to give a moment to 
P«uch poetic sentences as these, in order that we may 
' not forget the spiritual grandeur of the problems with 
which we are dealing. 

Nothing better shows the universal applications of 

electricity than even a brief list of its uses at the 

World's Fair. It was electricity that turned its night 

into day ; that cast upon notable objects the unparal- 

r leled emphasis of the searchlight; that by telephone 
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connected tlie whole nervous system of the aduiinU- 
tmtion into a single organism ; that eiisibletl the police 
to supervise constantly every part of the grounds, 
that was ready at any momeni's notice to give the 
alarm of lire ; that turned the great wheels driving 
the marvels of mechanism ; that carried visitors from 
point to point and enabled them to fly as if upon a 
magic carpet from one end of the great fair to the 
other. 

One might go further and say that the fair itself 
was built by electricity, which sawed timbers, 
hoisted weiglits, ran the pumps, painted the buildings, 
lighted the grounds for night work. 

In addition to the uses mentioned, the electric rail- 
ways were guarded by a block system and provided 
with automatic braking devices to slop the trains in 
case of accident, and both these used electricity us 
their animating power. Another safety system used 
at the fair consisted of electrically lighted buoys 
pointing out the dangers of the shore from the Chi- 
cago River to the fair grounds. 

And to view all these applications of the new [xiwer 
the distinguished electricians of the world gathered 
from all civilized nations to receive at Chicago a 
widened view of the domain and of the possibil- 
ities commanded by their science. 

These men gathered in a congress similar to those 
which had before met at Paris and did rightful honor 
to the memory of Professor Joseph Henry by giving 
his name to a new unit, the unit of inductance. They 
also added to the value of the standards in use by de- 
claring a set of practical international units which 
have since been adopted throughout the world. 
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Apart from these general advances in the science, 
the more notable achievement of the year compre- 
hended a very great improvement in the storage bat- 
tery, tending to make it more economical and more 
lasting; the discovery that by means of an electric arc 
formed under water metals could be melted by a heat 
so intense and so rapidly applied as to heat neither 
the water in which the contact is made nor any por- 
tion of the metal except that touched by the arc. It 
was suggested at once that this made it possible to 
temper small portions of steel tools where desired, 
withont the need of hardening any more of the material. 

A fact that is perhaps more curious than significant 
was the inclusion of a whole electric equipment 
upon Nansen's ship for arctic discovery, The Fram. 

Of much greater importance were two notable ad- 
vances in industry brought about by the use of the 
enormous heat of the electric arc. Means to apply 
this to various substances were devised by Professor 
Moissan of Paris, Siemens, and other investigators. 

The electric furnace may be divided into main 
types: those which produce the heat between two 
poles of a circuit (between which is an air-gap or 
space filled with some gaseous substance), producing 
their heat in the electric arc; and those which pro- 
duce their heat in a poor or a narrow conductor con- 
necting the poles, thus slowing the vibrations and 
changing some of the electricity to heat. 

The first form of furnace consists essentially of a 
box made of chalk or of fire-clay with conductors, 
usually of carbon, passing through its walls. Within 
this box is placed the little crucible, which may be of 
carbon, magnesia, or other substance not easily des- 
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tn>j«d hj beai. At times m. litUe window of rnby 
gluB b iaMttgii, CO that the work of the arc may be 
watded from the oatside. There are also tubes ai- 
raaged throi^h the walls of the box so that varioos 
gmKS may be allowed to enter if oombustioD is to be 
set sp ia some other gas instead of in air. 

Tbe form of electric fomace known as the resist- 
anoe or incandescent furnace, differs from tbe arc- 
fomace ooljr in connecting the poles by means of a 
oondoctor of high resistance. Tbe passage of the 
electric current heats this conductor, and the heat so 
generated is applied to any substance that may be 
piled over and around it, giring a less intense, but 
more controllable, heat where such is desired. 

If the poor conductor is a liquid solution we have 
still another class of furnace to consider. 

There is a very great variety of these electric fur 
naces, bat their heat always comes as in those already 
spoken of, from causing a current to pass from a good 
to a poor conductor. If tbe current has to pass an 
air space, an electric arc is formed and great beat is 
given ouL If the current has to pass through a 
smaller (thinner) conductor, this becomes heated and 
may become incandescent. If the current passes 
through a liquid of high resistance (poor conducting 
power) the liquid likewise becomes hot. This gives 
the three great classes of furnaces: Arc furnaces, 
incandescent furnaces, electrolytic furnaces. But 
all or any of these principles may be used in a single 
furnace. Then, too, there are cases when it is neces- 
sary to use an induced current (instead of a primary 
current) in the furnace, and this gives us an induction 
fnmace. 
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We must be satisfied with ttie general principles 
here, since the applications are as numerous as the 
needs for various forms of heating. The uses of elec- 
tricity as a healing agent cover an enormous field, ex- 
tending from the use of a hot wire in metiical practice 
to ihe rt'orking of great quantities of metal in enor- 
mous factories ; but all depend on the heating of a con- 
ductor through its resistance to the passing of the 
current. 

To give only a single example, by passing a current 
through coils of line wire in a street car, the wires 
are heated, and the car is warmed. 

Another device should be explained as it has other 
applications besides its use in an electric furnace. In 
the early days of study of the electric art it was dis- 
covered that the arc itself acted as any current would 
act in the presence of a magnet — that is, it was de- 
flected from the magnet's lines of force, according to 
the usual law of repulsion of currents. This property 
of magnets has been used even to deflect an arc 
enough to blow it out ! In the electric furnace this 
property is used to direct, or deflect, the arc toward 
ibe place where it is to be applied. By means of the 
enormous heat, the greatest in the command of man, 
such refractory substances as platinum, carbon, and 
chromium can be readily melted, and thus new com- 

Iaaercial substances unattainable in quantity in any 
bther way have been really created. 
■ Among these we may mention carborundum and 
carbide of calcium, the second being the mineral from 
which by the mere application of water acetylene gas 
is obtained. It is true that acetylene had been known 
since 1836 and had been prepared in l!j(i:2, but, as the 
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"Encyclopedia Americana" says, " bolh it and the' 
bide of culciuin were laboratory curios until about' 
liiVS, when llie electric arc acting u|)on a mixture ol 
liitie and carbon produced tbe carbide ia large quan- 
tities." Carborundum (carbon and silicon) is niadebj 
beating together in an electric furnace sand and car 
bon. Discovered in 1891 by E. G. Acbeson, the an- 
nual production of factories at Niagara Falls is now 
about five thousand tons. This substance is llie 
liiirdest knotvn excepting the diamond, and resists 
heat so completely that the inventor declares a layer 







one-twelfth ot an inch thick will protect bricks 
against the highest temperature ever produced in 
ordinary work. 

To the credit of the electric furnace also mast be 
put down tbe cheapening of alaminium, a metal the 
importance of which it is impossible to consider too 
seriously. Many great engineers, Nikola Tesia, for 
example, believe that the present age of iron will in- 
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Bvitably be succeeded by tbe nge of aluminium. We 
cannot bere give the fact8 justifying tbe opinion. 

Tbuugb Sir Humpbrey Davy attempted to obtain 
[rhe metal, aluminium, early in the nineteenth century, 
it was tirst separated in 1827 by the chemist "VVohler. 
This inelal is, next to oxygen and silica, the chief 
component of tbe earth's surface. It is even more 
abunciant than iron. Tbe metal was tirst obtained in 
fair quantity by Professor Deville, of Paris, who as a 
sign of bis success presented to the infant Prince Im- 
{)erial of France, son of Napoleon III, a baby rattle 
made of this hitherto hardly known substance. By 
18ttO aluminium was being made for eight dollars a 
pound and sold for twelve, and at this price it re- 
mained until about 1885. In that year, by using tbe 
electric furnace, the Cowles brothers of Cleveland, 
Ohio, produced cheap alloys of aluminium. Others, 
by improving the electric processes, succeeded in mak- 
ing five hundred pounds of aluminium a day. 

This was about 1886, but as soon as tbe electric proc- 
esses of manufacture were applied to the metal its 
price was brought steadily downward, and within ten 
years the works at Niagara Falls were producing 
about ten thousand pounds a year. Its price in ltHJ2 
was about thirty cents a pound. 

Electrically considered, though its resistance is 
greater than that of copper, yet for the same weight 
the resistance is tbe same. In regard to its use as a 
conductor, Tesla says : " It is cheaper to convey an 
electric current through aluminium wires than through 
copper wires." He believes that tbe aluminium indus- 
try will annihilate the copper industry and will pass 
on to a struggle for commercial supremacy with iron. 
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Which will prove conqueror depends uiH>n whether 
the magnetic power of iron continues to uiuke it iodia- 
peusuble in electric machinery. If these properties 
can be dispensed with, says Tesla, "iron will be dons 
away with and all electric machinery will bemannbc- 
Lured of aluminium at prices ridiculously low. This 
would be a severe, if not a fatal blow, to 

We cannot refrain from quoting a few more words 
from Tesla's article entitled " Tho Problem of Increas- 
ing Uuman Energy," in Tlte Century 3f<]ga2, 
June, lUOU. " There can be no doubl," hesays, " thai 
the future belouga to aluminium, and that in times to 
come it will be the chief means of increasing human 
performance. I should estimate its civilizing potency 
at fully one hundred times that of iron. ... We 
must remember that there is thirty times as much 
alumiuium us iron in bulk available for the uses of 
man. It is more easily workable, it partakes of the 
character of a precious metal, its electric conductivity 
for a given weight is greater than that of any other 
metal, which alone is sutlicient to make it one of the 
most important factors in future human progress. Its 
extreme lightness makes it far more easy to transport 
the objects manufactured." And this great gift to 
mankind may be credited solely to the use of electric 
energy, either in electrolysis or in the electric fur- 
nace. 

The extension of telephony to include a commercial 
line from New York to Chicago was a notable event 
of the World's Fair year. 
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ELECTRIC WAVES AND RATS 

The year 1894 was notable principally for the bo- 
ginning of the experiments of Marconi in practical 
wireless telegraphy, experiments which to-day may be 
considered successful lu adapting wireless telegraphy 
to practical use. This young Italian was born near 
Bologna. He was the first to perfect the appliances 
[ used in space telegraphy and the first to patent the 
■Application of the Hertzian waves to actual telegraphy. 
p It was also in 1894 that Professor Oliver Lodge, in 
demonstrating wireless telegraphy before the Royal 
Institution of London used the Branly coherer of iron 
filings in a glass tube in order to detect the waves and 
to make them close a circuit operating a bell. He im- 
proved the apparatus, by combining with it a so-called 
"tapper," a little hammer operated either by clock- 
L;Work or electricity, that by striking the coherer re- 
stored the filings to the looser contact. 

An advance of this year, 1894, in telephony was the 
lentralizing of all the batteries io a single exchange 
jlor each telephone district, instead of employing sepa- 
ate batteries in the house of each subscriber. 
The year 1S95 was rather a remarkable one in the 
istory of electrical development. The great increase 
^ in electrical devices and competition of various com- 
panies in making them, had caused a fall of their 
prices, and this widely extended their use. It also at- 
l traoted to the businesses relating to electricity a higher 
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class of talunt and generally sLimulated the science aod 
art as coininercial success naturally woald do. 

The World Almanac for IS'JfS declares that money 
ID 18!)5 would buy nearly ten times the value in elec- 
trical supplies that the same iiioney would have- 
bought teu years before, and this with an improve- 
ment in quality. A third reason for the electrical 
prosperity was the increasing confidence of capitalists 
in the art. Fully fifty millions of dollars of new capi- 
tal was this year devoted to electrical enterprises. 

To take up the different fields in order — The tele- 
phone was greatly extended, though without any 
especially notable improvement. In telephony, the 
expiration of certain of the Bell Company patents 
brought many new competitors into the field. This 
naturally increased the number of exchanges and im- 
proved the service. In this year also was established 
a system of charging according to the use made of 
the instruments, instead of at a fixed rate. In New 
York the telephone circuits were entirely metallic — 
that is, wires were used both for the outgoing and 
incoming current instead of connecting lines to the 
earth. 

In electric light no great novelty appeared, though 
much was expected from the inventions of Testa — an 
expectation that was disapjiointed because of the de- 
struction of the inventor's laboratory by fire. In the 
use of electric power the history of the world was one 
of general extension to various manufacturers, the in- 
stallation of many electric elevators, and particularly 
of electric fans in large numbers, A device that 
found much use in mining was that of the chain- 
cutter, an endless chain provided with blades and 
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operated by an electric motor so as to bring tbe 
knives, or cutters, ia contact witli a vein of coal. 

But the most important development of the year 
was in the transmission of power which resulted from 
a combination of dynamos with water-power driving 
water wheels, and thus generating electricity from the 
cheapest source of electric energy. The limit of 
distance for that time was thirty miles. The Niagara 
Falls Power Company of this year completed its great 
plant for the purpose of supplying practically un- 
limited power derived from the falls. It is estimated 
that the power available amounts to perhaps serea 
million horsepower. 

The method adopted for changing gravity energy 
of the falling water into electric currents may be 
generally described as follows: A canal was dug 
extending from the rivdr about a mile above the falls. 
Parallel to this was a wheel-pit, nS}4 feet deep and 
425 feet long. Tliis wheel-pit was connected by a 
tunnel with the river below the falls. In the wlieel- 
pit were set up ten turbine wheels weighing a 
hundred and fifty thousand pounds each. The water 
entering the wheels from below tends to lift them and 
makes them run without friction so far as their weight 
is concerned. To the shaft of the turbines were con- 
nected alternating-current dynamos which yielded the 
current that, properly changed by transformers, could 
be conducted where desired and then retransformed 
to serviceable condition. 

The electric railway came more and more into use 
during the year, in many cases superseding horse cars 
in entire cities and also showing signs of replacing 
even the steam locomotive ui)on shortet* suburban lines. 



I 
I 



I 



25li ELECTRIC WAVES AND BAYS 

The World Almanac, which gives an excellent sum- 
mary of these facts, ends its article with this state- 
ment : " Taken altogether, electrical ilevelopments of 
1895 have resulted in a vast increase in the convenienc* 
and economy with which many of the tasks neces- 
sary to comfortable existence may be accomplished." 
But even that summary makes no reference what- 
ever to probably the most important discovery of the 
year — the Roentgen or x-rays. 

In 1S05 Professor Roentgen of the University of 
Wurzburg announced the dis- 
covery of certain new rays of un- 
n nature which he named 
" x-rays " because they were an 
unknown quantity like x in 
algebra. His discovery came 
about while he was making ex- 
periments in passing the electric 
current through a glass tube 
which had been exhausted nearly 
to a vacuum, and in order that we 
may understand something of his 
work, we must recall certain 
studies upon the subject. 

When a glass tube is ex- 
hausted until the air pres- 
sure has been reduced to -niiinr of the usual pressure, 
and then a current is passed through wires fused into 
it, there are some striking appearances produced. A 
glow of light appears at the cathode wire (the nega- 
tive or " outgo " wire), next to it is a dark space, and 
then a glowing space. The glass near the cathode 
also glows with a vivid phosphorescence. The caosa; 
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of these effects was studied by a Dumber of expori- 
mentei-s from 18S9 to 1879 and about the latter 
year was well explained by Sir William Crookes 
of England. Tbe " cathode rays " were thought 
to bu caused by something coming from the cathode, 
since a substance put in them caused a shadow 
OQ tbe opposite side of tbe tube, and this shadow 
also showed the path of tbe rays to be straight 
from the catbode surface. A concave cathode sur- 
face was found to concentrate the rays as a con- 
cave mirror concentrates light rays. These rays 
have a strong heating effect, and also act with 
mechanical force to push an obstacle from their 
path. Sir William Crookes caused them to push a 
little wheel with paddles along rails within the lube. 
They also cause the glass tube to show phosphorescence 
where they strike on it, and they make the air or other 
_ gas in the tube a conductor of electricity. 
■ But, most important of all, the cathode rays were 
V.found to be turned from their path by an electric or 
^Lnagnelic field of force — acting as the electric current 
^KacLs in the same circumstances. Hence arose tbe 
^■theory that the cathode rays were particles of gaa 
Buegatively charged with electricity and repelled with 
^v great velocity from the cathode since it also was id 
r the same electric condition. This was the view of the 
English. But the Germans saw no reason to believe 
there were moving particles in the cathode rays, con- 
sidering them only ether waves. 

Heiarich Hertz in 1893 strengthened the German 

view by showing that the rays would pass through 

_ gold leaf, which seemed hard to explain by the Eng- 

iah theory. Lenard, an assistant to Hertz Inserted a 
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bit of aluminium in the walls of tbe tube, and direofr-J 
ing the rays upon this " window" brought them out 
of the tube, where they became known as " Lenard 
rays." 

But then Proressor J. J. Thomson showed in 1897 
that the deflecting of the rays proved them probably 
to be particles negatively electriJied or to carry a 
charge of electricity with them. Further experiments 
by the same brilliant philosopher measured the masses 
of these particles, their velocity, and the cliargea car- 
ried by them — and their ability to pass through sub- 
tances was explained. It was because of their 
minuteness and their almost inconceivable speed of 
motion. His experiments were carried on iu England 
with the most elaborate care and are well worth the 
closest attention by students who wish to understand 
the modern theories of matter. But here we cannot 
enter fully into them, and must refer the reader to 
more technical books for the details and proofs of 
Thomson's conclusions. And for a most interesting 
account of the conclusions to which Thomson's experi- 
ments lead the reader cannot do better than to ex- 
amine the lecture by Sir Oliver Lodge, delivered at 
Oxford in June, 1903. This lecture is published by 
the Clarendon Press and is reprinted in tbe Govei 
ment Keport of the Smithsonian Institution for 1901 
to be found in the libraries. 

In speakingof these experiments the lecturer declares 
that the researches may be said to constitute "the 
high-water mark of the world's experimental pbysii 
during the beginning of this century." 

The conclusions drawn by Sir Oliver Lodge 
that the so-called smallest possible material body. 
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atom, bas been shown to be divisible; that the so- 
called electrons can be separated from atoms, that the 
atom may possibly be built up of positive and negative 
electrons and of nothing else. These electrons are to 
be thought of us Hying about inside the atom, forming 
a kind of cosmic or solar system of inconceivable 
minuteness and occupying an otherwise empty region 
of space which we call the atom, "as a few active 
soldiers might occupy a large territory, by incessant 
activity rather than by bodily namberB or bodily 
bulk." Whether the electron has a nueleuB of matter 
within it is still doubtful. 

This theory agrees with the claims always made by 
Crookes himself — that the matter in these tubes was 
a new state, in a fourth state (1 solid, 2 liquid, 3 
gaseous, 4 }iew), which he called "radiant matter." 

It is a stream of these electrons — those charged 
negatively — that make up the cathode rays, and in 
investigating these cathode rays Professor Roent- 
gen found that there was produced at the same time 
another kind of rays that were invisible, not deflected 
by a magnet, and yet would readily penetrate many 
solids opaque to ordinary light and solids that stopped 
the cathode rays. 

In order to give an idea of the supposed relative 
size of these electrons compared with a single atom of 
hydrogen, we shall quote another paragraph from Sir 
Oliver Lodge, who said : " If we imagine an ordinary 
sized church to be an atom of hydrogen, the electrons 
constituting it will be represented by about seven 
hundred grains of sand, each the size of an ordinary 
stop [a period], three hundred and fifty positive 
and three hundred and fifty negative, dashing in all 
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directions iiisitle, or, according to Lord Kelvin, rotating 
with inconceivable velocity. . . . Tho extreme 
minuteness and sparseness of the electi'ons in the atom 
account for their penetration. Electrons will pass 
almost unobstructed through ordinary opaque bodies." 

Professor Roentgen having covered a vacuum tube 
lighted by cathode rays with black paper, so that no 
visible rays appeared, these x-rays were not interrupted, 
but came out of the tube through the paper so as to 
illuminate and make phosphorescent a sheet of paper 
properly prepared with certain chemicals. This paper 
had been prepared for use with the cathode tube, and 
was accidentally near. The x-rays were subjected to a 
number of experiments and their properties ascertained. 
The most striking of these was their ability to aflfect 
the photographic plate while it was covered by the 
usual plate-holder, impassable by ordinary light. 

By trying different substances in the ra3's, it was 
found possible to separate them into classes in regard 
to their transparency toward the new dark light. It 
was soon seen that a most valuable new agency had 
been discovered. Professor Roentgen believed that 
the rays were the so-called " longitudinal " rays of light 
whose existence had been conjectured by scientifio 
men, notably by I^ord Kelvin, 

The meaning of longitudinal in this sense is that 
rays are supposed to vibrate from and toward tbfl' 
source of x-rays rather than transversely across the 
path of the beam, as in ordinary light. Since bones 
are less transparent to these x-rays than is flesh, it was 
at once seen that the rays would enable a surgeon to 
photograph the bony structure through the flesh, and 
for this purpose they were early used. 
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The applications of the discovery have been too 
nnmerous to be easily mentioned here, extending from 
such uses as discovering false diamonds by their tranci- 
parency being less than that of the real stones to the 
revealing of smuggled goods inside of closed boxes, 
which has been dune in custom-houses. 

In order to avoid the necessity of taking the pho- 
tographs, in 1S90 an Italian, Professor Saivioni, coated 
a screen with a phosphorescing compound, platino- 
cyanide of barium, and affixed to the screen a box and 
eye-piece so that the observer could look through 
the screen, the outer light being excluded. If a hand, 
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I for example, were interposed between the source of the 

x-rays and the screen, an observer looking at the 

I screen could see upon it shadows of all substances 

, that interfered with the transmission of the x-rays. 

A similar '* fluoroscope," or " fluorescent screen," as 

the apparatus is called was afterward made by 

f Thomas A, Edison to view the shadows. It should 

I be explained, however, that " shades " rather than 

i shadows, is the right word, since nearly all substances 

' are more or less traversed by the rays and hence the 
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raya are not often stopped entirely as in making a tree 
sbatiofv. Edison improved tlie lluoroscope by using 
calcium tungstate as the coating, wbich gave better 
results than tbe substance used by Salviuni. Other 
substances have since been used, and tbere hare been 
many improvements in the machines for producing 
directing, and photographing these radiographs or 
"skiagraphs" cast by the new rays. 

Professor Ellbu Thomson discovered that the x-raya 
can |>ass through and act upon a mumber of photo- 
graphic plates at once, giving multiplied images with 
one exposure. The action of these rays upon the 
human skin when allowed to affect it too long or too 
closely is at times harmful or even destructive, and 
this has led to the invention of means for directing, 
restraining or modifying its influence. 

It was in 1895, also, that Kikola Tesia brought out 
his electric oscillator, a means for producing a rapid 
alternating electric current by a combination of the 
steam engine and the electric motor. Essentially, this 
apparatus consisted of an engine that plunged a piston 
into and withdrew it from, a coil, with enormous 
rapidity and thus caused in the coil alternations of 
electric |x>tential that induced a current of great 
frequency. It was, in fact, an induction machine, the 
interrupter of which was a piston driven by steam. 

So rapid was the development of the use of the 
x-ray in 1896 that there were ten firms engaged in sup- 
plying apparatus for producing the rays to hospitals, 
physicians and investigators. Such men as Edison and 
Ti.'sia gave much of their time during the year to the 
improvement and study of devices connected with the 
■ discovery. 
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In telegraphy an intertisting feat occurred during the 
great electrical exhibition held in New York City in 
May, a cable message being dispatched around the 
world from one end of the building where the exhi- 
bition was held and received at the other. The trans- 
mitting operator was A. ii. Chandler, president of the 
Postal Telegraph Companj', and the message was 
received by Thomas A. Edison. 

The telephone continued to increase in popular favor 
and was reduced in price and extended in the distance 
coFcred. For "all practical purposes the whole country 
eust of the Mississippi River was one -vast telephone 
exchange." The presidential election gave the tele- 
phone companies an excellent opportunity of demon- 
strating the swiftness and ready distribution of news 
by means of the telephone, giving the returns in this 
way to some twenty thousand people in private resr- 
dences in New York City even before the results were 
known in the very towns from which the returns came. 
Generally speaking, the telephone news was half an 
hour in advance of the telegraph. 

Another interesting exhibition of telephony was the 
setting up of a transmitter in the Cavo of the Winds 
at Niagara from which the roar of the falls was 
brought within hearing of visitors to the electrical 
exhibition in New York City. 

In electric lighting, a second globe was placed about 
arc lamps, a great advance in the art of arc-lighting. 
The second gloI>e made the carbons last longer, im- 
proved the distributipn of light, and also lessened dan- 
ger from falling sparks. A new system of lighting by 
means of vacuum tubes excited by the alternating cur- 
rent to luminosity was devised and exhibited by Pro- 
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feasor D. McF. Moore, anti has come into use csjieciallj 
for advertising purposes. 

The use of electric |>04Ver commerciully continued lo 
extend in all directions, and on the 16tb of November 
electrical energy e(|ualing one thousand horse-iwiveri 
was transmitted from the works at Niagara Falls to 
Buffalo, twenty-six miles away, and there used for 
driving Street cars. 

The means of transmission from the falls to the 
city limits was by bare copper wires insulated on por 
celain. Then underground conduits brought the power 
into the city. In the electrical exhibition in New York 
a small model of the Niagara Falls works was put in 
operation by means of one-thirteenth of a horse-power 
transmitted over four hundred and fifty miles from the 
falls itself- The next longest previous transmissioD 
of power was about a hundred and ten miles. 

In electric railways there was large increase in the 
number of roads operated and in their economy. A 
Chicago railroad claimed to save ten thousand dollais 
a month over the cost of steam |TOwer. Thus, although 
the year 189(1, a presidential year, was the worst busi- 
ness year in the history of the industry, to quote from 
The Wor/il Almnnac, there were many signs of steady 
progress. 

In 1897 Edison announced the completion of his mag- 
netic process for sepnraling iron from its ore. This ia 
done by crushing the ore to a finely-divided state, 
hoisting it to the top of a high building, and then al- 
lowing the crushed ori^to fall in front of the poles of 
magnets. The attraction of the magnets draws the 
particles of iron toward them and they are thus caused 
to fall nearer to the magnets than the rest of the 
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powdered ores. A fence is so placed as to separate the 
iron from the waste product. This, like some others 
of Edison's inventions, illustrates no new principle, but 
is merely an ingenious man's adaptation of well known 
principles to couimercial purposes. The idea ofsepa- 
rating iron from the ore may not have been entirely 
or the method original solely with Mr. Edison, 
but its application upon a commercial scale and its 
.cominercial success may be credited to bini. 

So far as telegraph and telephone were concerned, 
the chief erent of importance was the removal of 
overhead wires from down town. New York, to under- 
ground conduits, a most desirable improvement made 
possible by the bettor knowledge of means for securing 
perfect insulation. There were no startling novelties 
introduced during 1897, tbe history of the year being 
one of generally increased improvement in the already 
well established industries and enterprises dependent 
;<tipon electricity. 

New York City saw the beginning of an electric 
Oftb service, a result due to the improvement of the 
storage battery. The storage battery system of pro- 
pulsion is especially adapted to cab service, since these 
vehicles can always be within reach of electric stations 
Lfrom which they can obtain new batteries. 
H To the discovery by Dr. Carl von Welsbach that 
Hjioertain rare elements when brought to a state of in- 
B'Oandescence gave out a very brilliant light wo owe the 
Hgas mantles now so commonly seen in the Welsbach 
■ burner, a device that, according to Robert Kennedy 
Duncan in an article published in //(nyjerVJ/'aj/asine 
in August, 1!)06, was the salvation of the enormous 
gas industry. 
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In . order to study tliese incandescent minerals, 
Welsbacli had di[)[>ed a bit of cotton fabric in their 
solutions and afterward held it in the Hanie of a Bun- 
sen burner. "It did increase the incandescence," says 
Professor Duncan, " but it did more; the cotton burned 
away leaving a skeleton fabric made of the oxides of 
theeleuients,und this skeleton glowed with a brillianoj 
and a beauty that were astonishing." From this 
cident came tLe invention of the Welsbach mantleT 
But these rare earths, as Professor Duncan puts it, 
were nut only "sauce for the goose" in saving the 
gas industry, but "sauce for the gander" in improving 
electric lighting. 

In 1S97, Professor Nernst, of Gbttingen, showed 
that while a filament made of these rare substances 
was at ordinary temperatures a non-conductor of 
electricity, when heated even by the burning of a 
match, their conductivity increased and kept on in- 
creasing. To quote again: "It is very like one of 
the Holland dams. So long as the dam is perfect the 
dam is safe — it is a non-conductor of water — but 
|wrmit the smallest hole, no larger than a finger, upon 
which the water may work, and, shortly after, the 
resistance of the dam has broken down and the whole 
volume of the current washes through. The cold 
filament made of these earths offers an impenetrable 
resistance, but at 600°C. a little current passes. This 
makes the filament hotter, which allows more current 
to pass, which makes the filament still potter, which 
permits still more current, which makes the filament 
hotter again, and so it builds itself up until it arrives 
at a semi-pasty condition when practically the whole 
of the current passes through, and it shines with 
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very vivid and very beautiful incaadescence. Tliis is 
the basis of tlie Nernst lamp." 

But the full dtivelu|)mentof the lamp, and of similar 
hunps using rare elemeuls, did not take place for 
several years. 

The year 1898 saw a very marked improvement in 
the application of electricity to street railway's and 
other forms of traction. The electric cab system had 
proved successful, street railways were being electric- 
ally equipped everywhere, and the long distance rail- 
ways were making inquiries as to the relative advan- 
tages of steam and electricity and in some cases had 
decided to equip their lines for the latter power. 

Tliis year oE the Spanish War produced, of course, 
a sudden and enormous demand for electric devices. 
The coast of the United Slates was protected by thou- 
sands of submarine mines and by extra systems uf 
communication, all of which required thousands of 
'IDiles of wire, and there was a similar sudden demand 
^or trained men capable of supervising governmental 
electric installations. This demand led to the forma- 
tion of a corps of VolunLeer Engineers, mainly of 
electricians, who under pressure showed themselves 

pid and accurate workmen. 

The medical department of the Army called for x-ray 
inachines in large mumirers; the Navy, already fitted 
!rith electrical devices for turning the turrets of war- 
ibips. for hoisting ammunition, for lighting, signaling, 
ind the operation of the great search-lights, also in- 
ireased the demanil for electrical work and supplies. 
£o that the year was one of great profit and rapid 
progress in electrical industries. 

Another secondary effect of the war was the stimula- 
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tion of tlie telegraphic service, some of the largest 
newspapers expending from one tbousand to fifteen 
hundred dollars a day for despatclies. Meanwhile a 
Bympalbelic increasing interest in electrical industries 
brought about a very successful electrical exhibition at 
Madison Square, New York, and here, as well as at 
Omaha, Pittsburg, Philadelphia and Chicago, where 
various exhibitions were held, the electric light was 
applied in many novel and beautiful ways to forma 
decorations. 




A Thibtv-ikcr Seabl-hlioht ai Wobk 



The application of the search-light to warfare had 
proved its enormous value, the blocltado of Cervera's 
fleet at Santiago being made effective by the concen- 
tration of searchlights on the harbor entrance, which 
not only revealed every movement of the enemy, but 
also blinded the eyes of Spanish watchers to the pro- 
ceedings of the American fleet. 

As a defense against torpedo craft the search-light 
in combination with small rapid-fire guns proved en- 
tirely effective, the efforts of the Spanish boats to 
approach the Americans being completely futile. 
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Equally successful was tbe transmission of power 
onboard thowai'ships from central power installations 
on shipboard, aud the various apiilications to mechan- 
ical work — to guns, pumps, duors of compartments, 
and so on ; the great advantage of the electric power 
for all such purposes lying iu the fact that if the wires of 
communiciitioa are cut, lliey are reudily repaired, and 
at tbe same lime their cutting produces no damage to 
speak of as contrasted with the terrible results caused 
by the bursting of pipes carrying hot steam. In 
signaling, the search-light, combined with the wigwag 
system, proved most useful and was applicable to great 
distances. 

Turning to the triumphs of peace, it may be recorded 
that the amount of power transmitted from Niagara 
Falls rose to sixty thousand horse-power, and the 
growth of power plants was especially marked in the 
newer parts of country, in the West, where their value 
depended largely upon the fact that water-power was 
often available at considerable distance from the 
Hjoanufacturing or transporting centres where it was 
Hueded. 

^F The telephone, with 270,000 subscribers and four 
hundred and twenty thousand miles of wire, was im- 
proved by the adoption of the new switchboard, 
wherein the lighting of tiny glow-lights warned the 
operators whenever a subscriber was through with his 
communication. In distance the record was twenty -six 
hundred miles, from Austin, Texas, to Bangor, Maine. 
L, There were also three advances in the theoretical 
^^^dy of electrical communication, due respectively to 
^DCarconi, Tesla, and the late Professor Rowland of 
^Dohns Hopkins University. Marconi, having erected 
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vertical wires from eighty to a hundred feet high, 1 
the use of an induction euit giving a spark ten incbf 
in length, was able to transmit waves through space 
to a distance at first of fortv miles, and afterward, by 
using higher vertical wires, of two hundred and eighty 
miles over water. These waves were received by 
means of the Branly and Lodge coherer, thus operat- 
ing receiving instruments. We shall describe this 
system a little later, after speaking of the other two 
methods of communication. 

Tesla announced the result of certain researches 
proving that several miles upward the air, becoming 
rarefied, ceased to give great electrical resistance and 
became an excellent conductor. This is already ap- 
plied to a system of telegraphing by means of balloons. 
Sending up two balloons at a distance from one 
another, each about five miles high, he transmitted a 
current through a wire to one of the balloons, 
where, by means of transformers the current was made 
one of high potential capable of sending waves through 
these conducting layers of upper air. These waves 
being received by the other balloon, were again trans- 
formed by instruments which it carried, and trans- 
mitted by a wire to the earth, where they operated a 
telegraph receiver. 

Tesla during the same year, announced and ill ustrated 
by a model, the possibility of building a self-oi»rated 
vessel which he named the " telautomaton." A storage 
battery placed within furni.shed motive power. A 
propeller driven by a motor enabled it to go in any 
direction when steered by a little motor operating the 
rudder. The control of his boat was accomplished 
by an electric circuit operated by electric waves sens' 
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tbrough Bpace, the circuit being tuned so as to respond 
only to certain waves of tletermineil length. These 
waves were furnished by bis electric oBcillator. This 
fcDning is accomplished by attaching plates of metal 
to the discharging points of an induction-coil — the 
size of the plates governing their vibration, 

Tesla's purpose in making his model was to show 
that warfare might be carried on by means of auto- 
matic vessels, or rather mechanisms, while the oi^rators 
remained far from the danger zone. 

In speaking of his invention in The Centvry Maga- 
zine for June, 10(10, Tesia says: "There is virtually 
no restriction as to the amount of explosive which can 
be carried or as to the distance at which it can strike, 
and failure is almost impossible. ... Its advent 
introduces into warfare an element which never ex- 
isted before — a dghting machine without men as a 
means of attack and defense." Of course there has 
been no public application of this principle upon a 
large scale. 

Professor Rowland's system of telegraphy was an 
improvement of what is known as the synclironous 
flystem — which has been tried in various forms by 
numerous inventors. The general principle underlying 
it may readily be explained. 

Suppose a conducting wire to be extended from 
station A to station B. At the station A end of this 
wire is a revolving wheel against the side of which 
the wire touches. Upon the wheel are a number of 
segments radiating from the centre. As the wheel 
revolves the conducting wire touches qne of these at 
a time, then passes on to the next, and so on around 
the circumference. On the opposite side of the wheel 



272 ELECTRIC WAVES ABB RAYS ■ 

are as many wires as there are segments, each ar^" 
ranged so as to touch only its own segment and Done 
of the others. A similar arrangement is at the otlier 
end of the line at station B. If the two wheels are 
turned at the same rate so as to make the same seg- 
ments touch the conducting wire between stations at 
the same time, it is easy to see that the wheels will con- 
nect each one of the pairs of wires successively with 
the conducting wire, A with A, B with B. and so on. 
Consequently the conducting wire becomes a, part of 
each pair of wires in turn, completing their circuits. 
If an operator sends an electric impulse over bis wii'e, 
it will be conducted to the other station and received 
by the vofresponiiing wire at the instant when the 
two wheels cause the conducting wire to join this 
pair. 

If, now, the wheels revolve so as to turn completely 
round once or more during the time an operator is 
holding down a key, every touch of a key will semi un 
impulse over the conducting wire. It will be seen 
that, in theory, it is quite possible to use a single wire 
thus successively for a large number of messages, since 
it is easy to revolve the wheel fast enough so that it 
will make a single turn or more during the depression 
of a key. 

Unfortunately there occur certain practical diffi- 
culties in applying the system to use, and though these 
have been to a certain extent overcome by a number 
of systems, and the multiplex system has been put to 
good use, it has never proved in all respects a success- 
ful competitor with its rivals in practical telegraphy. 
One of these difficulties is that of assuring exact bar- 
.niony in the revolving of the wheels, especially at higj 
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A second dilHeuJty consists in ibe slowness of 
getting rid of previous electric currents in the con- 
ducting wire- If the messages follow one another 
very rapidly over this wire there is danger of previous 
messages interfering with Inter ones because the elec- 
tric charge has not been cleared from the conducting 
wire. 

A system of this sort used in Great Britain isknown 
as the Delany system. It controls the motion of the 
■evolving wheels, insuring a uniform rate, by electric 
motors at each station, these being governed by tuning- 
forks or vibrating reeds. In the Delany wheel there 
) eighty-four segments, insulated from one another, 
ind the connection with the conducting wire is by 
laeans of a trailer which rests on the wheel. The 
ivhoel makes three revolutions a second, and conse- 
[Qently each segment touches the trailer three times a 
wond. But to secure more frequent contact, more 
Aan one segment is connected with each pair of wires 
• lines through which the telegraphy is to be accom- 
f^lished. Thus, to send six messages by the same wire, 
K segments are put into communication with the same 
lir of wires; consequently, at each revolution, this 
wires is made to connect with the main con- 
lucting wire thirty-six times a second. The five other 
pairs of wires may also have six segments apiece, mak- 
ing thirty-six segments used for transmission in the 
six lines. 

Anotlier thirty-six segments in the same way are 
wnnected to the six different pairs of wires, using al- 
together seventy-two out of the eighty-four segments to 
lonnect the six stations at each end, each station thus ,' 
ieing provided, thirty-six tunes a second, with a com-_ 
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plete transmission circuit, and also wiih a complete 
receiving circuit thirty-six times a second. 

To make an ordinary dot io telegraphy takes about 
one-twelfth of a second, and during that time lijo 
revolving wheel (or the revolving trailer, for it makes 
no difference which revolves) will have connected the 
transmitter three times with the main line, each of 
these connections being independent of those given to 
tbe other operators at tlieir six desks. The remaining 
segments, those not used for telegraphy, operate the 
mechanical devices that keep the two wheels or two 
trailers revolving synchronously, or at a uniform 
rate. 

This system, invented by P. B. Delany, an improve- 
ment of earlier forms, is used in Great Britain. 

Professor Rowland's system was announced by him 
to be capable of transmitting twelve messages each 
way at once, but its latest form transmits four in each 
direction at the same time. He used two cylinders 
bearing segments connected, like those in the Delany 
system, with separate pairs of wires, and the main 
principle is very similar. In brief, the general prin- 
ciple is simply to place a conducting wire successively 
between a pair of wires, and then between a second 
pair and a third pair, and so on, connecting each pair 
only for an instant and then being moved to the 

Another system of multiplex telegrapby.that has not 

been hitherto explained, operates by means of tuned 

receivers. Over a single wire are sent, from tuned 

\ transmitters, a number of electric waves vibrating at. 

\ different rates. At tbe receiving station area number 

of ribbons of steel, each tuned, like the strings off 

\ 
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mnsical insLruiiient, to vibrate only under the in- 
fluenco of a particular note. When tlie composite 
musicul tone arrives on the main wire eacli ribbon 
responds only to the vibrations to which it has been 
tuned, and the ribbon, when vibrated, actuates a re- 
ceiving instrumvnl. This has not been described 
because it has not come into extended commercial 
use, owing to the practical difficulties in its operation, 
and the space we can give to each of the later applica- 
tions of electricity will not admit of noticing mure 
than a few important and practical systems. 

In speaking of the Marconi system of wireless teleg- 
raphy, while we must give to the Italian inventor all 
due credit for the devising and putting into practical 
shape of the system now so generally used, it should 
be recorded in every account of the art that the first 
wireless telegraphic communication was made by 
Professor I'opoff, of Russia, who, in April, ISUS, de- 
scribed to the Russian Physical Society a practical 
system. The production of the waves was by the 
same method used by Hertz, namely, an induction 
coil that produced sparks between two ball conductors 
Bnd thereby caused electrical waves to Ije propagated 
in all directions about the instrument. Professor 
Popoff'a receiver consisted of a vertical wire connected 
with a coherer which, in tarn, was connected with the 
earth and also with a local circuit at the receiving 
station. This local circuit included a voltaic battery 
that operated an electromagnet, and this moved a 
relay lever. The coherer was the ordinary tube of 
metal iilings. When an electrical wave caused the 
filings to cohere, a current passed from the battery, 
operated the relay, and caused the closing of a circuit 
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cuiilaining a battery. This battery operates a h 
ing key, at tlie same time ringing an electric t 
&ho with the same bairinier striking tbe tube o1 
filings and siiaking tbem apart so that they are n 
for anollier impulse. 

The Fopoff apparatus was not entirely i 
but it wil! be seen that since it existed as far h 
lSi)5, the essentials of tbe system were then 
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Diagram of tae Popoff Wikelbss TELsaBAPH Bec-ktvbb 

A VEnJnl "ciplnrfng" wfre V i< cnnncclcd wUh Ihc gTound Ihniugh ihccslw 
which in turn is connccied wilh abiilli;rr circiui uid ■ relar U. Thlirdajr elok-— _ 

■nd wlih the recocding inucumnit. When Ihe coherer It Influenced It doacl the Hn ■ ^ 

rlic caberer iuIk. HnJ ihinbralii Ihe clrculr of Che coherer by cnutrni Ihc fiJIngiirlMk \ r 

stood. Marconi's system was completed, ia its first 
form, in March, 1897. Professor Houston points out 
the resemblance between the Potxiff and Marconi 
systems, but declares that Marconi was probably ' 
ignorant of what Popoff had already accomplished, 
J Marconi's system did not differ essentially from the 

t other forms, being only an induction coil that pro- J 
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i sparks. His receiver used an improved coherer, 

ling a glass tube closed by two pieces of silver only 

e-twenty-tiflh of an inch apart, between which were 

e nickel filings with, a slight addition, four per cent. 

Iver filings, A little mercury was mixed with them 

|b increase their sensitiveness. In this coherer tube a 

KKlerately high vacuum is produced, an improvement 

) to Sir Oliver Lodge, This coherer is in a circuit 

Irith a voltaic cell which operates a telegraph relay 

bstrument; and this, in turn, is in a second circuit 

pith a larger battery operating a recording apparatus 

Rid an electro-magnetic bell. The action of both trans- 
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Maecbni's Coherek 

mitter and receiver was similar in principle to those of 
I'opolT, but Marconi added a most valuable feature in 
providing a high vertical wire at the transmitting end 
of the line, whereas Popoff had used the high wire 
only at the receiving end. 

Another improvement introduced in the Marconi 
apparatus viaa two so-called choking-coils used in the 
first receiving circuit to prevent the waste of the 
eleotro-magnetic waves in parts of the apparatus 
where they are not a help to the action. The choking- 
coil is only a finely wound electromagnet, which. 
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when in a circuit traversed by an alternating current, 
opposes to the passage of currents induce<l currents of 
tbe opposite kind, thus helping to confine the original 
current to certain parts of the circuit. 

The theory by which the " snapping off " of electric 
waves into space is explained is an exceedingly com- 
pliouted one, but the general idea we may give. 

It is su))]K>sed that as electric force is sent into the 
two sparking rods of the oscillator there are formed, 
in the space round about these rods, lines of electric 
forc^ that are likened in shape to half hoops of spring 
steel. These hoop-like strains of electric force 
lengthen and flatten out in shape as more electric 
energy is conveyed to the rods and are thereby 
stretched, just as a spring of the same shape would lie 
stretched if flattened. When the electric force in one 
rod has reached an intensity enabling it to leap the 
space from one ball to the other, overcoming the air- 
gap resistance, this strain is suddenly relieved. The 
flattened hoops of electric force then suddenly con- 
tract into circular form. But their ends of opposite 
polarity cannot pass one another, and as the portions 
of the curves furthest from the roti have contracted 
more slowly than these ends, the electric wave is 
"snapped off" from the rod in circular form, revolv- 
ing upon itself after the manner of a smoke ring, and 
so travels off into space, growing larger and largi 
just as a blown smoke-ring does. 

Following these lines of electric strain come oth^ 
lines of magnetic strain, which, however, run rount 
the rods instead of along their lengths. These mag- 
netic lines are said to be the result of the breaking of 
the electric lines of force, and they too reach thd 
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mnm, tben collapse and are detaclied. These 
processes repeat themselves in rapid alternation until 
Lhat one oscillation ceases. 

The rod is again charged, the strain grows, the 
spark passes; and the process ia repeated with every 
charging and discharging of the rods. 

This description, derived from the Encyclopedia 
Americana, is meant only to give a very general idea 
of the production of electric oscillations, or waves, in 
wireless telegraphy. Now, as to the reception of 
these same waves. 

At the transmitting station stands a vertical wire. 
Theorists tell us that this may be considered as half 
of an oscillator, since the earth, a perfect conductor, 
takes the place of the other half and may be con- 
odered as containing a second wire corresponding to 

le first, as if the Brst were rtiflected in a mirror hori- 
■ontalty below it. From this circumstance this 
theory is known as the " reflecting " theory. 

When waves going through space are intercepted 
by the vertical wire, we have a repetition of what 

.kes place between the two rods of the oscillator. 

hen the vertical wire is charged, lines of force are 

formed, as in the ca^e of the rod of the oscillator, and in 

way are snapped off from it in waves that 

•e propagated, it is believed, along the surface of the 
eartli in concentric circles from the foot of the wire, 
following the contour of the surface. This theory 
explains why wirdess telegraphy is not prevented 
from acting even when hills occur between the 
stations, since the waves are supposed to follow the 
contour of the earth near the surface of the ground, 
or the sea. 
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In the beginning of 1S99 Marconi's system had 
been used successfully to transmit messages acrosa 
the English Channel. He had already in England 
secured the backing of the British Telegraph departr 
ment, being helped especially by the hearty aid of 
Sir W. 11. I'reece, chief electrician to the Post-office. 
Beginning on Salisbury Plain, between lSt)6 and 1S98 
messages were sent across the Bristol Channel, then 
for a distance of sixteen miles, and between Soatli 




also (lirau£b the recorder A, 

Foreland lighthouse and the lightship twelve i 
away. 

To communicate across the channel he used a wif 
a hundred and fifty feet high and sent his r 
thirty-two miles to a village on the French coast, two 
miles north of Boulogne. During the same year the 
system was tried successfully in the British Naval 
Maneu7res. Before the end of the year the sigm 
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a sent nearly a liunilred miles. During this 
same year also Messrs. PoUak it Virlag adapted to 
wireless telegraphy the device of rapid transiiiission 
by means of a punched tape, as had already been done 
in so many forms of line telegraphy. 

Late in 1899 the New York Ilenild engaged 
Marconi to come to this country for the purpose of 
reporting the international Yacht Races from a vessel 
that should follow the yachts and telegraph wireless 
messages to a yacht in the harbor connected by a 
cable with the city. 

There were many experiments made during the 
year upon the availability of wireless telegraphy for 
signaling in the army or navy, but no final conclusion 
as to the best system was arrived at. The commercial 
progress made showed a continued rapid increase in 
the use of telephones, there being half a million sub- 
scribers ; other applications of the electric light to 
decorative purposes at the time of the Dewey Parade 
in Kew York ; and the entering of the electric light 
companies into the enterprise of supplying power in 
storage batteries that could be charged by the light- 
ing plants, during those hours when their patrons did 
not call upon them for current. 

In this year also there was a decided disirosition on 
the part of manufacturers to substitute motors for 
pulleys and belting in driving manufacturing machines, 
and the makers of such machines were compelled to 
recognize the public demand by adopting them 
especially for use with motors. The building of the 
two new waraliips, Kearsarge and Kentucky showed 
the approval of electricity as a power, for both 
kjrere electn^ally equipped throughout. 
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The great (iemund for copper wire largely increas- 
ing ila price, the inanuracturers of aluiuinitim were 
onubled to enter ititu acLive competition, showing tbe 
beginning of the warfare between these two metals 
which Tesia had predicted. For city use storage bat- 
teries were much used in oteclro-automobiles, since 
the gasoline engine was nut yet so far improved as to 
be a dangerous competitor, Tbe progress of electrical 
railways may be briefly noted in the statement that 
by tbe end of 1899 there were nine hundred and fitly 
in tbe United States. 

Tbe year 1900 was, in general, merely a time of 
further increase along the same lines, together with 
certain improvements in all directions. There were 
at tlie end of tbe year three and a half billions of dol- 
lars invested in electrical enterprises. Tbe extending 
of cables and telegraph tines continued throughout the 
world, new territory being constantly equip|}ed. and 
the field of the electrical railway also continued to ex- 
tend, being marked especially by theatterapt to utilize 
the very much higher speed possible with electricity 
as a motive power. Among such devices was a plan 
for a mono-railroad on the " Behr System^" — a road 
capable of making a hundred and ten miles an hour. 
Yet tbe motive power is said to be safely controlled by 
devices for switching the motive power into dynamos 
which apply brakes, and thus use tbe motive poweriUa 
self to check too great speed. ^1 

The investigations as to the value of x-rays compl^l 
bended their application as a means ol' fighting diseases 
coming from germs. The results in tuberculosis were 
not favorable, but in certain skin diseascsi such as lupus 
especially, the therapeutic effects were ezcelli 
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Other rays than the x-rays had been discovered since, 
among ihein being the Becquerel rays, and these con- 
tinued to he investigated. The names of Professor 
Gauss and Professor Clerk Maxwell were in this year 
honored by the International Electric Congressat Paris, 
the "Gauss" and "Maxwell " being decided upon as 
the units respectively of magnetic field and magnetic 
flux. 

The nineteenth century ended with the entry of 
electricity into nearly all, if not all, the fields it has 
since occupied, and it hardly needed any great power 
of prophecy to foresee that as the force was more thor- 
oughly studied and even better means nf applicatioa 
devised, it would be likely to supersede in the service 

I of man nearly every other force or energy. In delicacy, 
1 power, in portability, in neatness or in exactness of 
JApplication, it had already demonstrated its power to 
Kval nearly every other agency controllable by man. 
^t was demonstrated beforehand that our own century, 
9ie twentieth, must be distinguished as the Age of 

'Electricity, and the rapidity of human progress is cer- 
tain to be stimulated as never before by the possession of 
this agency and the control of its manifestations as a 

(jneans of detecting, of measuring, and of governing, 
ihe substances and forces of nature. 



CHAPTER XXn 
ELECTRICITY IN THE TWENTIETH CENTITRT ■ 

The year beginning the twentieth century was 
notable both practically and theoretically — thai is, 
electricity was ileveloped not only in business ways 
but asascience. As a business its growth aided what 
social philosophers call the " centrifugal" movemenl 
of the community ; it heljwd to counteract the tendency 
to gather in large groups — in cities. For the exten- 
sion of the telephone, the transmission of power by 
wire, and the lighting of small places, made business 
in smaller towns easier and more profitable, while 
living in remote places became mure agreeable. 

The electric automobile in this year showed itself 
capable of high speed, covering a mileinsixty-tbree 
seconds ; and Edison, always quick to foresee electrical 
requirements, brought out an improved storage battery, 
the elements being nickel and iron. But though this 
form of cell is ligiit and lasting, not injured by 
changes in conditions of use and simple in chemical 
action, the lead cell seems as yet to be preferred. 

The telephone or telegraph "switch-board " has not 
yet been described. The theor3' of it is simple. Imag- 
ine six lines to enter an office. Suppose we fasten three 
of them parallel to a board ; and then the other three, 
also parallel, cross them at right angles, but areontlia 
hack of the board. There is now noconn^-ction between 
tliem. Then we bore holes through the board whsi 
the wires would cross if they were on the B 
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face. If now a plug of some conducting material be 
put into any of tbe holes, it will connect two, and only 
two of the wires, and each hole will connect a dif- 
ferent couple. Any two wires not in use already may 
be connected without interfering with any other two. 
Tbe commercial switch-board in improved form is 
based on this principle, for telegraph and telephone 
lines and other purposes. 

The use of arc and incandescent lamps greatly in- 
creased, and a device for using only a small partof the 
current, or switching the current into large or small 
filaments or into one or two at a time as desired, was 
introduced, so that a lamp could be turned up or down. 

The Pan-American Fair at Buffalo surpassed all pre- 
vious attempts at electric illumination, the great sue- 
cess of the fair being its enormous electric tower in 
front of which was a cascade capable of tho most mar- 
velous effects of lighting, by means of electric lights 
that threw prismatic hues into the waterfalls. The 
exhibition in the building devoted to the arts dependent 
on electricity was declared to be the finest ever held. 
, An important step in electro chemistry was the im- 
^rrovement of the process of producing nitrogen com- 
pounds by bringing about the union of nitrogen and 
oxygen in the presence of electric arcs. As the nitro- 
gen of the atmosphere is inexhaustible, and as soils 
are exhausted mainly by the removal of nitrogen and 
its compounds, there is hardly any process more im- 
portant to the life of mankind than methods of sepa- 
rating the nitrogen of the atmosphere readily and 
cheaply. If this could be done, nitrogen could be put 
back into tbe coil, and the food problem would be 
>lved, so far as productiveness is concerned. 
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In tbis year also, Professor Pupin, of Culumtiia Col*" 
lege, a pupil of the German von lieluihollz, sold to the 
Bell Telephone Company bis devices for an electrical 
relay for increasing ihe distance submarine cables would 
transmit the telephone vibrations. Essentiully the iii- 
ventioQ consisted in introducing induction coils in the 
cable, 30 as to strengthen the vibrations. 

The progress in wireless telegraphy continued, most 
of the transatlantic liners adopting the apparatus, and 
a station being installed out at sea upon the Nantucket 
Lightship. A new era, too, was promised by the inven- 
tor Marconi who on December 12, 1901, received sig- 
nals aoruss the Atlantic Ocea,n. Landing at St. Johns, 
Newfoundland, on December 6tb, with two assist- 
ants, Marconi prepared his apparatus. On the lOth he 
sent up a kite and then a balloon to raise the vertical 
wires but both were carried away. On the 12th a kite 
was raised about 400 feet, and all was ready to receive 
signals. Marconi bad arranged that the " S " of the 
telegraph alphabet (. . .) should be sent at certain 
intervals every day at a fixed time, from Poldbu, 
Cornwall, England ; and about half past twelve, the 
signals came — the three clicks were heard by means 
of a telephone-receiver, 

A full and striking account of the occurrence was 
written by Ray Stannard Baker in McChirc'a Mwga- 
sinelov February, 1902. This article also explains the 
Marconi system, including the method of " tuning " a re- 
ceiver to respond only to waves of a certain number of 
vibrations a second :and also calls attention to the com- 
parative cheapness of transatlantic wireless telegraph; 
as compared with the cable — the wireless stations coat 
ingonly one-twelfth the amount necessary to lay a cable, 
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and the maintenance being iacomparably clieajier. 
Though tbe article concludes witb a suggestion that the 
cables may soon be made useless, that prophecy is 
hardly likely to be fulfilled. As the telegraph still linds 
uses despite the telephone, the cables will hardly be en- 
tirely superseded by the wireless. 

The same development continued in 1902, Llie gen- 
eral increase being estimated at twenty per cent, over 
BOl- Following the example at Niagara, a company 
was organized to furnish 5,0C/O horse-power from the 
lault St€. Marie. In wireless telegraphy Marconi suc- 
ceeded in transmitting a sentence across the Atlantic, 
rhile another system tliafl his — tlie De Forest — was 
jed in tbe United States Naval Maneuvres. In this 
ysteia, instead of the coherer used in the earliest ex- 
nriments of Marconi and others, the device for receiv- 
[ the electrical waves is what is known as an " anti- 
loherer," Two plugs of tin are inserted in a tube and 
ketn-een them is glycerine containing lead oxide. This 
brms an electrolytic device which causes particles of 
in to be conveyed between electrodes ; but the electric 
raves act as interrupters of this action, and they in- 
•ase the resistance of the circuit and cause disturb- 
ince that is heard by a telephone. The waves close 
he circuit in the coherer tube, and interrupt it in the 
nticoherer tube; but in either case the telephone or 
itlier device responds to the change of condition, and 
bus signals can be read. 

There are other devices used for the same purpose, 
but only a brief explanation of them can be given. 
Marconi nsed for a time the Castelli coherer, in which 
B drop of mercury replaced iron filings, and acted as 
iey did, to close more completely the gap between 
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the conductors on the eods of the tube ; but in his^ 
transatlantic experiments he used an "aulocoherer" 
OP magnetic detector, which was practically an induc- 
tion coil, except that instead of the core of wires there 
was an endless wire fope running through the inner 
coil endwise. As this rope moved it touched the 
poles of two magnets. This made it change slowly in 
magnetism as parts of the rope approached and receded 
from the magnets. The electrical waves from tbedis- 
tant station change the electrical condition of the outer 
coil ; this induces cbauges in the inner coil, and thus 
the magnetism of the rope is affected. To recognize 
these changes a telephone receiver is in circuit with 
the outer coil, and in this clicks are beard as the mag- 
netism is changed. Such is the explanation giveu by 
William Maver, Jr., in an article reprinted from 
Conner's Magasine in the Smithsonian Report for. 
1904. 

It will be seen that many delicate means fojf- 
detecting variations in electrical conductivity ha« 
been successfully used in wireless-telegraph receivers. 
The " barretter," for example, is based on the princi- 
ple that a current heats a conductor, and this increases 
resistance. The telephone, as before, is used for mak- 
ing the results of the resistance audible. 

It is a significant proof of the ability and ingenuil 
of scientiSc worlters in the electrical arts that already 
there is a long list of systems of wireless telegraphy^ 
and manyrival inventors claiming creditfor the varioi 
devices. The essential features of the art have, how- 
ever, been here set forth ; namely, the creation of 
electrical oscillations by coils, condensers, or dynamos, 
their reception in such a way as to change the coftj 
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dition of an electrical current, and tlie perception of 
these changes by telephone or mechanical devices. 
But the maia use of the system at present is for 
communicatiua at sea. 

Other improvements in telegraphy continued, A 
Pacific cable was laid — the longest in the world. The 
telautograph was adopted in this year by the United 
States War Department. This device, invented a 
namber of years before, and exhibited at the Chicago 
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I Fair in 1893, consists essentially of mechanical appara- 
[ bu so contrived that the motions of a writing instru- 
L ment at one end of a lino are repeated at the other, 
^ving a facsimile of drawing or handwriting. 

To understand this instrument, invented by EUsha- 
Gray, it must be remembered that any dot on a piece 
of paper can be reached if we are allowed to move in 
mly two directions. Thus to reach the centre of the 
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page we have only to move upward or downward un- 
til opposite the centre, and then either right or left un- 
til the centre is reached. Now if we connect a pen 
with two telegraph wires, one of which responds to 
vertical and the other to horizontal motions we can 
cause these lines to move another pen botli vertically 
and horizontally — that Is, up and down or to and fro 
on the sheet of paper. The pen is attached to a rod 
that inovus two plates so as to increase and decrease 
the resistance in the two wires by sliding these plates 
across a row of bars, including more or l*<ss of them in 
the line. 

At the receiving station are two electro magnets 
that are strengthened or weakened in accordance 
with the current of the lines, and these move a pen 
that follows the motion of the sender's pen. 

Another facsimile telegraph uses the received car- 
rents to move a mirror that reflects a ray of light on a 
slip of photographic paper, and thus records the 
motion of the pea in a photograph. Still a third 
form of facsimile telegraphy uses two cylinders, re- 
volved at the same rate, at two distant stations. The 
paper upon one cylinder is marked whenever a current 
passes. The other cylinder has the message written 
in insulating ink on tin foil (a conductor). Upon the 
sending cylinder rests a point as the cylinder turns, 
and, being moved slowly along, touches each part of 
the cylinder surface in turn, following a spiral path. 
Whenever there is a written character, the current is 
interrupted by the insidating ink, and this lets the 
pencil at the receiving station make a mark on the 
receiving cylinder. Thus the whole message or 
design is gradually traced on the paper. A modifli 
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'tioQ of this method moves the sending point to and 
fro over a flat surface, but the principle is the same. 
Xeither system is rapid, and neither is in extended 
use. 

The history of the year 1902 in regard to commercial 
electrical arts records the progressive use of electricity 
in all Selds so rapidly that only general statements 
can be made. American engineers began to find 
employment in all parts of the world, and the use of 
electricity for light power and traction ceased to be 
notable only because it ivas an every-day matter. 
Bussia, Switzerland, Alaska, appear as fields for elec- 
rical enterprise, while the older established systems 
enlarged, improved, and developed. Marconi 
jpd established thirty-seven stations by the end of 
RA02, and practically all great steamers carried wire- 
I apparatus. In cities there were single buildings 
Fosing 1,000 horse-power, and the railways had either 
adopted or were studying electrical methods of pro- 
pulsion. In ttiis latter field, traction, the use of the 
direct current for motoi*s began to be laid aside in 
^vor of alternating-currents, for tJie reason that the 
ptter were belter adapted to long distances and heavy 
raffle. 

1 The advantages of the alternating currents consist in 
e readiness by which they may be transformed in fre- 
jnency and thus transmitted, and then retransformed 
■to any condition desired for use. They may be trans- 
nitted at low voltage, and then increased to high 
Toltage ; or transmitted as alternating and then com- 
muted or transformed into direct current. The <tirect 
current requires heavy conductors, which are expen- 
KATe, and so makes a number of power-stations neces- 
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sary. But these are engineering questions, and prin- 
cijmlly concern ex[terts. The same remark will apply 
also to the questions of the use of tbe various phases 
ot current for different purposes. And as to these 
latter years in the genealogy of " Father Amber," we 
must perforce admit that the branches of the family 
have grown to numbers and varieties that would re- 
quire a library for their discussion. The individuals 
we cannot know, but must content ourselves with 
assigning each to its branch. 

A glance over the field will help us to understand 
at least something of its subdivisions. To begin, there 
is first the theory of electricity — its nature, its 
origin, and its laws; and this raises the entire ques- 
tions of matter, energy and life. Then comes the 
generation of electricity, by all methods — friction, 
light, heat, chemical action, magnetic fields, radiant 
matter. Thereafter we take up its applications to 
mechanics, to chemistry, to lighting, heating ; and 
each of these gives rise to a whole art, and every art 
to its own great classes of machines, tools, and 
apparatus. 

The amateur may know the general principles that 
underlie them all ; he may know the particulars of a 
branch or two — but for the rest he must rely upon 
the technical books after he has acquired enough com- 
mand of the terms to follow the printed explanations. 
The days of universal knowledge in one head are 
long past. 

Passing over, therefore, the general statements 
showing the inevitable commercial progress in the 
various arts, and making no attempt to describe 
further the modifications of apparatus for wireh 
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^telegraphy — many of which were directed toward 
removing the serious objection to the system, that its 
messages might be intercepted or interrupted, and 
were not secret — we will mention as signiBoant 
events of the year the attempt to communicate by 
wireless waves with submarine vessels. 

Experiments showed that the waves could not be 
depended upon to extend their influence further down- 
ward into the sea than rays of light would reach. 
Whether this was due to the supposed identity of the 
two forms of action or was a mere coincidence was 




Thb Coo peh-He WITT Mebciiky V*poe Lamp 

certain. The deadening effect of the water 
indoubtedly tended to malte the vibrations slower 
md slower until they became too weak to affect the 
jceiving apparatus. 

Two new forms of electric lighting were brought to 
public notice in this 3'ear, the Cooper-Hewitt mercury 
light and the light known as the mercury arc, in- 
Mnted by Dr. Arons and Professor Steinmetz of Ger- 
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iniiny. Tlio Hewitt lijfht, though cheap and briUiant, 
was open to the seriuus objt«tioa of its color, whicb, 
lacking the red rays, was unpleasant totheej-e. Tii's 
defect, however, does not affect its use for decorativa 
purposes and for photography, the latter bein; 
favorable tiekl, since the red rays are the least acti 
and least valuable in photography. 

The curative effect of the vibrations coming from 
electric lights of varying intensity was successfully 
applied by Dr. Finsen, of Denmark, ivho received one 
of the NiJbel prizes in recognition of his researches and 
practice. Koenlgen also bad been the recipient of 
one of these ten-thousand dollar prizes a year or two 
before. Professor Bedell, of Cornell, found that 
direct and alternating currents could be transmitted 
simultaneously over the same wire without interference, 
a discovery that promised, like most recent discoveries 
in the field of eleptricity, a wide development. 

In fact, after the summary of the year's progress in 
general lines, the compiler of the electrical portion of 
the Joumid Almanac remarks : " All the discoveries 
mentioned have an important bearing upon every 
possible use of electricity" — a sentence which is 
gratefully adopted as being a most succinct expression 
of the state of mind produced in one attempting to 
foresee the bearing of recent researches upon future 
electrical arts. 

As illustrating the difficulty of guarding wireless 
telegraphic messages against interference, an amusing 
anecdote is quoted from an English source. Professor 
Fleming, an electrical engineer, had declared in a 
lecture that there was no interference of the waves. 
Four months later, while demonstrating the Marcoi 
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^nystem before the British Institution, he found the 
messages sent from the Poldhu Marconi station sud- 
denly thrown into contusion. Professor Fleming, like 
a true Briton, wrote to Tht Times complaining of 
the interference, and was replied to by Professor 
Haskelyne, the scientific expert, who confessed that he 
^K^ad been tempted to make this practical answer to 
^Ktofesdor Fleming's clahn that the messages could not 
^ftp interfered with. 

^H' He also pointed out that Fleming had claimed to use 
^H tuned set of vibrations, and that he had been able to 
^Hnternipt these by means of an untuned transmitter. 
The year 1904 was notable for the general increase 
in the size and force of apparatus, machines of enor- 
mous capacity being practically used. The wireless 
telegra|>hy development was slow, and the United 
States Government remained undecided between rival 
systems. In atmospheric electricity investigations were 
followed up in the hope that by means of waves 
thrown into the air clouds or fogs could be condensed 
and rain precipitated. 

In telephony the greatest improvement was the in- 
troduction of the automatic system of making connec- 
tions between subscribers. The general principle under- 
bring the very complicated apparatus that enables a 
hbsoriber to connect with a desired number bears 
bme likeness to the principle underlying the telauto- 
■aph. Just as in that apparatus the pencil can be 
de to touch a particular point by means of two 
lotions, so the connection of a telephone can be made 
f a rotating dial to travel in various directions so as 
It rest upon a given point. 
\ Bappose a table of numbers to be arranged upon a 
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■ent range of metal rods. The first range contains the 
kmbers op to ten, the second up to twenty, and so on. 
!he second nurnher touched turns the rod sidevv&ys 
r twists it, causing the projection to travel horizontally 
loDg the line of rods until it reaches the number 
sired. In the ease supposed above, number eight. 
ow, if this last rod be divided into nine portions, 
third movement, also upward, may bo made to 
»nnect the subscriber's line with any {Kirtion of this 



J above description is not meant to be an exact 
atement of what occurs, tiut only shows the general 
rinciples. 

In electro-chemistry there was notable progress as 
;iie importance of improved apparatus was shown, the 
many experiments made commercially enabling en- 
gineers to get better results by better designed appara- 
tus — the electric furnace, for example. 

In electric traction the advantages of using alter- 
nating currents, which could be transmitted over a 
small wire, tended to displace the third rail system of 
traction in certain places, since the advantage of using 
the third rail lay largely in its great capacity for direct 
carrent. The Subway in New York City, however, 
preferred the direct current, and was opened in Octo- 
ber of 1904 with motor cars, each supplied with four 
motors of two hundred horse-power. An alternating 
nrrent locomotive designed by Ward Leonard was 
mccessfully tested in Switzerland this year. The ad- 
Kvantages of the alternating current comprise a quicker 
^acceleration and therefore ability to handle heavier 
Undoubtedly, however, in the development of 
B art the field will be divided between the two forms 
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of current in accordance with tbeir special aduptabiljtj 
to particular needii. 

Tho year 1905 saw an advance in electric lighting 
due to the employment of certain of the rarer ele- 
ments the qualities of which adapted iheni especially to 
incandescent lighting. From one pound of ^a»^a/u7/t, 
for instance, it is possible to construct twenty thousand 
lamps, and these have the great advantage that 
tantalum increases its resistance with increasing 
temperature, and, as it were, controls the lighting of 
itself. The stronger the current, the more the resists 
ance ; the weaker the current, the more of it passes ; 
which results in a steady light, Othersubslances also 
are used, osmium, for example, each with advantages 
of its own. 

A union that promises most important results in the 
jirotluction of power is thatof the steam turbine-engine 
with dynamos. The turbine engines require but little 
floor space, and have an evenness of motion that makes 
them specially desirable for tlie dynamos that must be 
run at an even speed in order to produce currents of 
an even phase. 

In telegraphy, the Barclay Typewriter System used 
typewriters at each end of the line, both for trans- 
mitting and receiving. This enabled the operator to 
make a typewritten original, and at the same time to 
have the message transmitted to a distant oHice and 
there taken down automatically by another typewriter. 
The putting together of the telegraph and the type- 
writer was not a. remarkable achievement theoretically, 
but was a proof of mechanical ingenuity and of the 
certainty with which electrical mechanism could be 
made to act. 
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In brief, the principle was to cause the transmitting 
keys to transmit their motion to electro-magnets, each 
key operating a single magnet depressing the receiv- 
ing typewriter key corresponding to the letter sent. 
The method of effecting this is very complex, bat in 
general is similar to the device used for operating the 
printing wheel of a stock- ticker. A very excellent 
description of the system is given in the Encyclopedia 
Americana in the article " Telegraphy," where like- 
wise all the modern systems are well described. An- 
other equally clever device of similar nature causes 
the sending of the Morse signals to operate a machine 
that prints the message in ordinary letters. 



CHAPTER XSIII 
THE PBESEXT ASD TUE FUTUBE 

The author is almost tempted to make again the 
well worn excose of the size of his subject, and be re- 
peats it oolr as a vrarning that in speaking of the 
fatare not much that is definite can be said. From 
the aatborities on the subject, however, certain con- 
closioDs nur be adopted. J 

Firat, upon the improvemeot of eleclncal ina| 
ehinery. ] 

It seems that there is rerv little margin for increas- 
isg the mere mechanical valne of motors and dyna- 
mos. The present best device save certainly some- 
thing more thah nine-tenths of the energy that, Cbeo- 
relit-aUr. they should yield ; oonseqnently, improve- 
ments bringing oat more than the extra tenth are iat- 
possible. 

As regards batteries, tbere is no theoretical 
why the efficiency of storage batteries in proportion 
their weight and durability should not be greatly in- 
creased. But this improvement might bring other 
disadvantages in regard to the rate at which power 
could be discharged. Upon the improvement of stor- 
age batteries rests the future of electric automobiles. 
As to the direct battery, the great problem of the 
fnture is to find some means of using the energy 
stored up in coal. Unless a battery using coal can be 
made, into which coal can be fed as readily as into a 
300 
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fire, the prospects for the coal battery are not bright. 
The problem is being worked upon by many in- 
ventors. 

Another desirable achievement is the production 
of light without heat, for at present the greater part 
of the energy used in lighting goes into heat and 
therefore is wasted. In this case the margin for im- 
provement is great, since the loss of energy when 
turned into light varies from ninety-eight per cent, to 
about ninety. 

In regard to the application of electricity to the 
solving of mechanical problems we can only suggest 
that there is no mechanical motion to which elec- 
tricity cannot be applied.-jnid therefore we may ex- 
pect the field continually to .enlarge. The cheaper 
production of electricity from natural powers will 
make its use more general in all fields of in- 
dustry. 

A recent discovery announced by Nikola Tesla dur- 
ing the year is that the capacity of conductors varies 
according to a number of conditions and cannot be 
considered as constant. He Onds that the degree of 
elevation above the ground, the season of the year, 
the time of day, have a by no means smalt effect upon 
the capacity of conductors. And he iwints outthat 
some of the laws he has discovered may enable us to 
make instruments that will register, for instance, the 
altitude of places and some of the otber particulars 
that vary the capacity of conductors. These varia- 
tions of capacity may become theoretically im- 
portant. 

The improvement of the telegraph has been enor- 
mous during its short lifetime, but it is not yet possible 
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to uoooiiiplisli completely two desired enils. Oiio is ' 
the sending of telegrams with greut rapidity during 
the hours when they are most numeiuus without the 
need of employing an apparatus which is loo expensive 
for the tninsinission of the average number of mes- 
BBges during the whole twenty-four hours. 

In the telephone — while wireless telephony is pos- 
sible, it is by no means well advanced. There is ap- 
parently no impossibility in achieving the telephoning 
by tuned waves, so tliat one ^lerson can communicate 
with another regardless of locality. This result is of 
course far in the future. 

A recent invention, the " telegraphone," enables the 
owner of a telephone to have any message that may 
be spoken into his receiver recorded in such form that 
he can repeat it exactly as it was transmitted in his 
absence. The same principle that records the tele- 
phone vibrations has also, I believe, been used to 
record telegraphic messages. 

It consists of a wire of mild steel arranged so that 
the movement of a telephone receiver's diaphragm 
impresses u|xjn the steel varying amounts of mag- 
netism — the amounts depending upon the nearness of 
approach of the diaphragm oE the telephone. The 
wire is caused to pass from one winding reel to an- 
other close to the vibrating diaphragm, and receives 
magnetic impressions that persist for a considerable 
time ; exactly how long I do not know. 

Upon reversing the motion of the coils the mag- 
netization of different parts of the wire attracts the 
telephone receiver diaphragm, so that its motion is re- 
produced, the vibrations that made the magnetic forces 
are repeated, and the telephone repeats the message. 1 
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It is evident that tlie sLreiigth of tliese magnetic 
impresaions cuiild easily be increased by using a small 
permanent magnet to be moved by tlie diapliragm, 
and very likely tliia is done by the inventor. In a 
word, tbe invention is a " recording-telephone " that 
translates its diaphragm movements into varying mag- 
netic fields in Ibe wire, and so the telephone repeats 
the message. 

The transmitting of pictures by telegraph is yet 
in its infancy, Tlie method of sending designs a 
point at a time is much too slo»-. The methods of 
transmitting the points to a large surface simulta- 
neously require far loo many wires, and yet it is too 
early to he certain that a photograph of a reflected 
scene will not one day be transmitted by multiple cur- 
rent over a single wire. 

As regards wireless telegraphy, we have already 
pointed out that the much desired improvements are in 
securing secrecy of messages, preventing interference 
I with transmitted waves, and extending the space cov- 
ered. The use of electricity in recording and report- 
ing weather is already wide-spread, but it is possible 
that the future will give us nietho<ls by which we may 
to some extent control the weather, by causing moisture 
to be gathered into drops, and to fall in rain, at least 
over a limitedarea. 

In the application of electrical power there are 
many Kelds yet unfilled. Charles Wilson Price in a 
recent article points out that portable electric power 
upon self-driven engines should be available for brief 
times and in remote districts ; and of course the ap- 
plication of electricity to airships is eminently de- 
sirable. Electro-chemistry is one of the youngest of 
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page we have only to more upward or downivuril u 
til opposite the centre, and then either right or left an- 
til the centre is reached. Now if we connect a pea 
with two telegraph wires, one of which responds M 
vertical and the other to horizontal inotions wo cat' 
cause these lines to more another pen both vcrticallr, 
and horizontally — that is, up aad down or to and fm 
on the sheet of paper. The pen is attached to a rod 
that moves two plates so as to increase and decrease 
the resistance in the two wires by 8lidin<r these plute 
across a row of bars, including more or less of them id 
the line. 

At the receiving station are two electro magnet) 
that are strengthened or weakened in accordanoj 
with the current of the lines, and these move a p 
that follows the motion of the sender's pen. 

Another facsimile telegraph uses the received c 
rents to move a mirror that reflects a ray of light oni 
slip of photographic paper, and thus records tbi 
motion oF the pen in a photograph. Still a tbin 
form of facsimile telegraphy uses two cylinders, i 
volved at the same rate, at two distant stations. Tb< 
paper upon one cylinder is marked whenever a currea 
passes. Tlie other cylinder has the message writts 
in insulating ink on tin foil (a conductor). Upon th 
sending cylinder rests a point as the cylinder turn 
and, being moved slowly along, touches each parto 
the cylinder surface in turn, following a spiral patli 
Whenever there is a written character, the current! 
interrupted by the insulating ink, and this lets t 
pencil at the receiving station make a mark on t 
receiving cylinder. Thus the whole message 
design is gradually traced on the paper. A modifloa 
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tioD of this method moves the seniting point to and 
fro over a flat surface, but the jirinciple is the same. 
Neither system is rapid, and neither is in extended 



The history of the year 1902 in regard to commercial 
electrical arts records the progressive use of electricity 
in all fiekis so rapidly that only general' statements 
can be made. American engineers began to find 
employment in ail parts of the world, and the use of 
electricity for light power and traction ceased to be 
notable only because it was an every-day matter. 
Russia, Switzerland, Alaska, appear as fields for elec- 
trical enterprise, while the older established systems 
are enlarged, improved, and developed. Marconi 
had established thirty-seven stations by the end of 
19U2, and practically all great steamers carried wire- 
less apparatus. In cities there were single buildings 
using 1,000 h'lrse-power, and the railways had either 
adopted or were studying electrical methods of pro- 
pulsion. In this latter Held, traction, the use of the 
direct current for motors began to be laid aside in 
favor of alternating-currents, for the reason that the 
latter were better adapted to long distances and heavy 
tratfic. 

The advantages of the alternating currents consist in 
the readiness by which they may be transformed in fre- 
quency and thus transmitted, and then retransformed 
into any condition desired for use. They may be trans- 
mitted at low voltage, and then increased to high 
voltage ; or transmitted as alternating and then com- 
muted or transformed into direct current. The direct 
current requires heavy conductors, which are expen- 
sive, and so makes a number of power-stations ueces- 
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One of tb« must recent ilevelupments 



spritteiBg dirwrtlv from the study of sound iu counec- 
tJOD wttfa ei«ctncity U tlie oeiv musicul iostrumeul in- 
Tented br L*r. Cabill, of Holyuke, Massachusetu. la 
OMOee this inTentioa ues a piaoo keyboard for the 
porpoae of bringing to besr upon telephone lines all 
the pover of electrical alternators, tliat is, machines 
fwodacing alternate cnrrents of any desired rapidity 
within certain broad limits. Electrical vibrations are 
prodnced directly by electrical action, anil hence are 
free from the imperfection dne to the material of in- 
struments. Any character of musical tone may be 
thus exactly imitated, and when these tones are com- 
bined the resalting musical ni)tes niny be iransmitted 
over any number of circuits, and turned into audible 
vibrations of the air. 

The original machines cost enormously, one of the 
first built being worth two hundred thousand dollars 
and neighing two hundred tons. It is intended to 
establish a central station in New York to supply four 
or five thousand subscribers. 

In order to point out remarkable applications pos- 
sible in telephoning, we quote from a current maga- 
zine the statement that in Norway a heniieticaliy 
sealed box is lowered into the water and contains a 
microphone. By means of a telephone sounds are 
heard from the submerged Ixix, and these sounds 
differ according t« the sort of fish approaching it, and 
the volume of sound gives a hint of the number of 
fish within hearing distance. 

As we read the current news we shall see daily 
some new application of electrical devices. Thus, 
collected at random, I have before me items relating 
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■to the steeping of ships, to tlie supplying of oxygen to 
divers at great depths, deplhs from which they are 
hauled by an electric motor, an electrical method for 
testing tiie purity of mineral water by its differing 
resistance to the jmssage of currents. Next comes 
an account of the instruments of the weather serv- 
ice, wherein electricity plays by far the most 
prominent part. Following this we have a long 
article describing a delicate device for detecting the 
electrical condition of the human nerves in invalids, 
as a preliminary to treating; them therapeutically by 
an electric current. The next article describes and 
pictures a great floating dock at llotterdam, the 
entire operation of which — pumping of water, pro- 
pulsion of the floating dock and the lighting of it — 
being done by electric devices. Another item tells , 
how flour may be bleached by passing it through a 
high-voltage continuous-current arc. This is followed 
by a prophecy that household drudgery will become a 
thing of the past, owing to the numerous applications 
of heat, light, and power in the households supplied 
with electric current. There is even an apparently 
serious item describing a French invention by which 
mosquitoes or flies may be destroyed when alighting 
upon electrically charged wires; and from a recent 
scientiKc paper we have a description of an electro- 
magnetic gun, designed to propel projectiles by means 
of coils of wire successively brought into cii'cuit with 
a battery. 

Strangely enough, I find with this an old newspaper 
clipping, taken at random from a scrap-book, describ- 
ing the same invention. Unfortunately this scrap is 

ngpt dated, but it is certainly a number of years earlier 



wing plants and to tbo'ij 

' trees in electric light ' 
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than the inrentioo descrilied in The iScic»tijic Atnm- 

mn of October :i>i, iyo6. 

From the same paper, 8 week later, comes an 
accoant of a motor designed to be run br electricity 
derived frum th« air or from tbumter-clouds. As lfa« 
ordinary motor is a dynamo reversed, so this inrention 
may be described as a class disk electric machine, 
mnltiplietl an<l ada| le run by electricity, 

instead of pruducii in this motor was con- 

nected with a verti< nding perhaps fifty feet 

into the air, it n-ai rotate for some lime 

before the occarrencu n. 

A few more clippi evoled to the study o( 

electricity as contain 
culture of fruits by ei. 
and applying currents to the roots. And we may end 
this unsystfiniitic- collection by referring to a recent 
item \v:ii-nin<,' bce-kefpers against alioiving tlieir hives 
to roinriin witliin the light of electric lamps at night, 
as <ino keeper of bees declared that his eager little 
workers refused to st()p so long ns the light was shin- 
ing and literally worked themselves to death ! 

rn<loiil)ti'illy the statements in some of these cur- 
rent oecMiints anti anecdotes may be more or less dis- 
torted and i'\aggerated, hut at least they will serve to 
show that thcrt.' is no lield of life in which we may not 
be met wiUi some form of this omnipresent energy. 

Any atteitijit to trace the history of this great 
science must be inadi'ijiiate, but we have at least 
within hvK.'i comjiass caused the reader to traverse 
tlic whole stoiy of tJie discovery, the investigation, 
and the application of electricity from the bit of rubbed 
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amber to the inquiry into the ultimate form of ttie 
atoms that make up maltep. We have seea 
ignorant wonder and superstiiioti pass through un- 
systematic to systematic study, and from uncertain 
theories to demonstration and practical proof that 
man can control the greatest of earthly forces. We 
have seen how the work of each investigator made 
easier the achievements of those who followed hira, 
and have learned how what was a plaything of the 
curioua has become the greatest agency within the 
command of mankind. 

Among certain Buddhist philosophers there was an 
idea that greater power is entrusted to the individual, 
and to mankind in general, in direct proportion to 
the growth of spirituality — the ability to make right 
use of the power granted. 

If this be true, the domain entrusted to man in the ' 
gift of the control over electrical energy is the most 
BignificaDt and the greatest in the history of mankind. 
It widens beyond our imagination the outlook of the 
race, and makes us dream of extending man's domain 
even beyond this earth itself. 
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